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A B S T R A C f  
T h i s  t h e s i s  i s  d i v i d e d  i n t o  t w o  m a i n  p a r t s ,  b o t h  o f  w h i c h  a r e  i n  t h e  
f i e l d  o f  n a t u r a l  p r o d u c t s  c h e m i s t r y .  
P a r t  1 :  T h e  C h e m i c a l  C o n s t i t u e n t s  o f  A p l y s i l l s  p s l l i d s ,  A p l y s i l l s  
r o s e s ,  A p l y s i l l s  v s r .  s u l p h u r e s  a n d  O r t h o s c u t i l l s  m a c u l s t s  
P a r t  1  d e a l s  w i t h  t h e  c o l l e c t i o n ,  e x t r a c t i o n ,  i s o l a t i o n  a n d  s t r u c t u r a l  
e l u c i d a t i o n  o f  a  n u m b e r  o f  n o v e l  d i t e r p e n e s  f r o m  t h e  m a r i n e  s p o n g e s  
A p l y s i l l a  p a l l i d a  a n d  A p l y s i l l a  r o s e a .  A n o t h e r  m a r i n e  s p o n g e  A p l y s i l l a  
v a r .  s u l p h u r e a  a n d  a  b r y o z o a n  O r t h o s c u t i l l a  m a c u l a t a  w e r e  a l s o  
i n v e s t i g a t e d  b u t  r e v e a l e d  n o  n e w  n o v e l  m e t a b o l i t e s .  I n  a l l  t w e n t y  n i n e  
m e t a b o l i t e s  w e r e  i s o l a t e d ,  f i f t e e n  h a v i n g  n e w  s t r u c t u r e s .  A l l  
c o l l e c t i o n s ,  e x t r a c t i o n s ,  i s o l a t i o n s  a n d  s t r u c t u r a l  d e t e r m i n a t i o n s  w e r e  
c o n d u c t e d  b y  t h e  a u t h o r .  
T h e  s p o n g e  A p l y s i l l a  p a l l i d a  w a s  f o u n d  t o  c o n t a i n  f o u r  n o v e l  
d i t e r p e n e s  a p l y p a l l i d e n o n e ,  a p l y p a l l i d o x o n e ,  a p l y p a l l i d i o n e  a n d  
a p l y p a l l i d i o x o n e .  T h e i r  s t r u c t u r e s  w e r e  d e t e r m i n e d  b y  e x t e n s i v e  
s p e c t r o s c o p i c  m e t h o d s .  T h e  s t r u c t u r e  o f  a p l y p a l l i d e n o n e  a n d  
a p l y p a l l i d o x o n e  w e r e  f u r t h e r  c o n f i r m e d  b y  X - r a y  c r y s t a l l o g r a p h y .  
F r o m  t h e  s p o n g e  A p l y s i l l a  r o s e a ,  p r e v i o u s l y  i n v e s t i g a t e d  b y  K a r u s o  i n  
o u r  d e p a r t m e n t ,  t w e n t y - t w o  d i t e r p e n e  m e t a b o l i t e s  w e r e  i s o l a t e d ,  e l e v e n  o f  
w h i c h  w e r e  n e w  c o m p o u n d s  ( A R O S S T - l  t o  - 1 1 ) .  
T h e  s p o n g e  A p l y s l . l l a  v a r .  s u l p h u r e a ,  s o  n a m e d  b e c a u s e  o f  i t s  
m o r p h o l o g i c a l  a n d  c o l o u r  s i m i l a r i t i e s  b u t  c h e m i c a l l y  d i f f e r e n c e  w i t h  
A p l y s i l l a  s u l p h u r e a  y i e l d e d  o n l y  t w o  p r e v i o u s l y  i s o l a t e d  d i t e r p e n e s  
1 5 ,  1 6 - d i a c e t o x y s p o n g i n  a n d  1 6 - o x o s p o n g i a n .  
T h e  b r y o z o a n  O r t h o s c u t i l l a  m a c u l a t a  w a s  a l s o  i n v e s t i g a t e d  a n d  f o u n d  t o  
c o n t a i n  o n l y  o n e  p r e v i o u s l y  i s o l a t e d  a l k a l o i d  l-ethyl-~-carboline. 
P a r t  2 :  A p p r o a c h e s  t o  t h e  s y n t h e s i s  o f  A p l y s u l p h u r i n  
A p l y s u l p h u r i n  w a s  t h e  f i r s t  d i t e r p e n e  o f  i t s  t y p e  t o  b e  i s o l a t e d .  D u e  
t o  i t s  n o v e l  s t r u c t u r e  a n d  o n e  h i t h e r t o  n o t  i n v e s t i g a t e d ;  s t e p s  t o w a r d s  
t h e  t o t a l  s y n t h e s i s  w e r e  t h e r e f o r e  u n d e r t a k e n .  
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I  w o u l d  a l s o  l i k e  t o  t h a n k  t h e  t e c h n i c a l ,  p r o f e s s i o n a l  a n d  a c a d e m i c  
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s p o n g e s  a n d  h e l p f u l  d i s c u s s i o n s .  
I  a m  a l s o  d e e p l y  i n d e b t e d  t o  M i s s  R .  W a l t o n  f o r  t h e  t y p i n g  o f  m u c h  o f  
t h i s  t h e s i s ,  a n d  t o  M r  P .  R a t t o n  a n d  M r  R .  D a n c e r  f o r  t h e i r  f r i e n d s h i p ,  
a s s i s t a n c e  i n  p u t t i n g  t o g e t h e r  t h i s  t h e s i s  a n d  m a n y  h e l p f u l  d i s c u s s i o n s .  
T h a n k s  i s  a l s o  d u e  t o  M r s  D .  R u g h  a n d  M r  T .  R o m e r o  o f  t h e  E l e c t r o n  
M i c r o s c o p e  U n i t ,  U n i v e r s i t y  o f  S y d n e y  f o r  t h e i r  e x p e r t i s e ,  t e c h n i c a l  
a s s i s t a n c e  a n d  h e l p f u l  d i s c u s s i o n  i n  t h e  u s e  o f  t h e  s c a n n i n g  e l e c t r o n  
m i c r o s c o p e .  
I  w o u l d  a l s o  l i k e  t o  o f f e r  m y  t h a n k s  t o  t h e  o t h e r  r e s e a r c h  s t u d e n t s  
w i t h i n  t h e  D e p a r t m e n t  o f  O r g a n i c  C h e m i s t r y  a n d  S c h o o l  o f  C h e m i s t r y  f o r  
m a k i n g  m y  s t a y  a t  t h e  U n i v e r s i t y  o f  S y d n e y  a n  e n j o y a b l e  o n e .  
F i n a l l y  I  o f f e r  m y  d e e p e s t  l o v e  a n d  t h a n k s  t o  m y  p a r e n t s ,  m y  s i s t e r  
v  
a n d  m y  y o u n g  b r o t h e r  f o r  t h e i r  n e v e r e n d i n g  l o v e ,  s u p p o r t ,  u n d e r s t a n d i n g  
a n d  h e l p  t h r o u g h o u t  t h e  c o u r s e  o f  t h i s  s t u d y .  
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1 . 1  I n t r o d u c t i o n  
T h e  s t u d y  o f  n a t u r a l  p r o d u c t s  c h e m i s t r y  p r i o r  t o  1 9 7 0  m a i n l y  i n v o l v e d  
t e r r e s t r i a l  o r g a n i s m s ,  f o r  e x a m p l e  p l a n t s ,  a n i m a l s  a n d  f u n g i .  T h e  m a r i n e  
e n v i r o n m e n t  h o w e v e r ,  r e m a i n e d  l a r g e l y  n e g l e c t e d .  T h i s  w a s  p r i m a r i l y  d u e  
t o  t w o  a r e a s  o f  d i f f i c u l t y .  F i r s t l y ,  t h e  l o g i s t i c s  i n v o l v e d  i n  t h e  
c o l l e c t i o n  o f  m a t e r i a l  a n d  s e c o n d l y ,  s e c u r i n g  e n o u g h  m a t e r i a l  s o  t h a t  w h e n  
e x t r a c t e d  a  s u f f i c i e n t  a m o u n t  o f  e a c h  p u r e  c o m p o u n d  c o u l d  b e  o b t a i n e d  f o r  
s t r u c t u r a l  d e t e r m i n a t i o n .  
H o w e v e r ,  t h e  l a s t  t w o  d e c a d e s  h a v e  s e e n  a n  e x p l o s i v e  g r o w t h  o f  
i n t e r e s t  a n d  l i t e r a t u r e  i n  t h e  f i e l d  o f  m a r i n e  n a t u r a l  p r o d u c t s  
c h e m i s t r y .  T h i s  h a s  m a i n l y  b e e n  i n  r e s p o n s e  t o  t h e  m a n y  t e c h n o l o g i c a l  
a d v a n c e s ,  p a r t i c u l a r l y  i n  t h e  i n s t r u m e n t s  u s e d  f o r  p u r i f i c a t i o n  a n d  
s t r u c t u r a l  e l u c i d a t i o n ,  f o r  e x a m p l e  h i g h  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  
( h . p . l . c . )  a n d  h i g h  f i e l d  n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r o s c o p y  
( n . m . r . ) .  M o r e o v e r ,  t h e  i n c r e a s i n g  p o p u l a r i t y  o f  S C U B A  ( S e l f  C o n t a i n e d  
U n d e r w a t e r  B r e a t h i n g  A p p a r a t u s )  d i v i n g  h a s  a l s o  m a d e  t h e  o c e a n ' s  r e s o u r c e s  
m o r e  a c c e s s i b l e .  
M a r i n e  o r g a n i s m s  h a v e  b e e n  d e t e c t e d  i n  t h e  f o s s i l  r e c o r d  a s  f a r  b a c k  
a s  t h e  p r e c a m b r i a n  e r a  ( c a  8 5 0  m y ) ! .  I n  t h e  c o u r s e  o f  t h i s  l o n g  
e v o l u t i o n a r y  h i s t o r y  a  v a s t  d i v e r s i t y  o f  o r g a n i s m s  h a v e  e v o l v e d ,  
s p e c i a l i z i n g  i n t o  c e r t a i n  m o d e s  o f  l i f e  a n d  h a b i t a t s .  I n  d o i n g  s o  t h e  
a q u a t i c  o r g a n i s m s  h a v e  h a d  t o  d e v e l o p  u n i q u e  c h e m i c a l  a n d / o r  m e c h a n i c a l  
m e c h a n i s m s  f o r  s u r v i v a l .  
T h e r e f o r e ,  t h r o u g h  t h e  c o u r s e  o f  t i m e  m a n y  m e t a b o l i c ,  p h Y S i o l o g i c a l  
a n d  e c o l o g i c a l  a l t e r n a t i v e s  h a v e  b e e n  d e v e l o p e d .  T h e  r i c h  a r r a y  o f  
unus"~\ c h e m i c a l  c o m p o u n d s ,  w h i c h  a r e  o f t e n  i n d i c a t o r s  o f  n o v e l  
b i o s y n t h e t i c  p a t h w a y s ,  a r e  t h e  t r a c e s  t h a t  r e m a i n  o f  t h e s e  d i v e r s e  
2  
e v o l u t i o n a r y  e x p e r i m e n t s .  T h e  d i s c o v e r y  o f  i n t e r e s t i n g  n e w  c o m p o u n d s ,  
m a n y  o f  w h i c h  p o s s e s s  s t r u c t u r a l  t y p e s  n o t  f o u n d  f r o m  t e r r e s t r i a l  s o u r c e s ,  
h a d  g i v e n  t h e  i n c e n t i v e  f o r  f u r t h e r  r e s e a r c h  i n t o  t h e  c h e m i s t r y  o f  t h e  
m a r i n e  e n v i r o n m e n t .  
M a n y  o f  t h e s e  n o v e l  c o m p o u n d s  h a v e  a l s o  b e e n  f o u n d  t o  p o s s e s s  p o t e n t  
b i o l o g i c a l  a c t i v i t y ,  f o r  e x a m p l e  a s  a n t i v i r a l ,  a n t i b a c t e r i a l  a n d  a n t i t u m o r  
a g e n t s .  I n  t h e  f u t u r e  t h e s e  m a y  g i v e  r i s e  t o  n e w  a n d  u s e f u l  
p h a r m a c e u t i c a l s .  
T o d a y ,  t h e  s e a r c h  f o r  n e w  p r o d u c t s  f r o m  m a r i n e  s o u r c e s ,  e s p e c i a l l y  
t h o s e  w i t h  n e w  s t r u c t u r a l  t y p e s  a n d  p o s s i b l e  p h a r m a c e u t i c a l  u s e  i s  b e i n g  
c a r r i e d  o u t  i n  m a n y  i n s t i t u t e s  a r o u n d  t h e  w o r l d .  O n e  g r o u p  o f  a q u a t i c  
a n i m a l s  w h i c h  h a s  b e e n  g i v e n  a  l o t  a t t e n t i o n ,  b e c a u s e  o f  t h e  v a r i e t y  o f  
n o v e l  a n d  a c t i v e  c o m p o u n d s  i s o l a t e d  f r o m  t h e m ,  a r e  t h e  s p o n g e s .  
S p o n g e s  ( p h y l u m  P o r i f e r a )  a r e  p r i m i t i v e  f i l t e r  f e e d i n g ,  b e n t h i c ,  
m e t a z o a n s .  T h e y  g r o w  o n  t h e  s u b s t r a t e  f r o m  t h e  s e a s h o r e  t h r o u g h  t o  t h e  
a b y s s e s  o f  t h e  d e e p  o c e a n  t r e n c h e s ,  a n d  s o m e ,  a l t h o u g h  t o  a  f a r  l e s s e r  
d e g r e e ,  i n  f r e s h  w a t e r  s t r e a m s  a n d  l a k e s .  T o  d a t e  t h e r e  a r e  s o m e  5 0 0 0  
s p e c i e s  a n d  a c c o u n t s  f o r  m u c h  o f  t h e  e p i f a u n a l  b i o m a s s .  
T h e  s p o n g e  i s  a  v e r y  s i m p l e  o r g a n i s m  w h i c h  i s  o n e  r e a s o n  f o r  i t s  
e v o l u t i o n a r y  s u c c e s s .  A s  t h e  p h y l u m  n a m e  P o r i f e r a  s u g g e s t s ,  t h e  s p o n g e  i s  
m a d e  u p  o f  a  m y r i a d  o f  p o r e s :  a n  e l a b o r a t e  n e t w o r k  o f  c h a n n e l s  a n d  
c h a m b e r s .
2  
T h e  s p o n g e  b o d y  i s  m a d e  u p  o f  t h r e e  m a i n  p a r t s .  A  o n e  c e l l  t h i c k  
e x t e r n a l  e p i t h e l i u m  l a y e r  ( p i n a c o d e r m )  i s o l a t i n g  t h e  s p o n g e  f r o m  t h e  
e x t e r n a l  e n v i r o n m e n t  a n d  a n  i n t e r n a l  f l a g e l l a t e d  e p i t h e l i u m  ( c h o a n o d e r m )  
i s o l a t i n g  t h e  s p o n g e  f r o m  t h e  i n t e r n a l  e n v i r o n m e n t .  B e t w e e n  t h e s e  t w o  
t h i n  1~y3rs i s  a  t h i r d  r e g i o n ,  t h e  m e s o h y l ,  w h i c h  c a n  v a r y  i n  c o m p o s i t i o n  
a n d  e x t e n t  b u t  a l w a y s  i n c l u d e s  s o m e  r e p r o d u c t i v e  c e l l s  a n d  s o m e  s k e l e t a l  
3  
m a t e r i a l .  T h e  s k e l e t a l  m a t e r i a l  m a y  b e  e i t h e r  c a l c a r e o u s  s i l i c e o u s  o r  
m a d e  o f  s p o n g i n  f i b r e s .
2  
S p o n g e s  f e e d  o n  m i c r o s c o p i c  p a r t i c l e s  o f  o r g a n i c  m a t t e r  w h i c h  t h e y  
a b s o r b  f r o m  l a r g e  v o l u m e s  o f  s e a  w a t e r .  T h i s  i s  a c h i e v e d  b y  p u m p i n g  w a t e r  
a t  l o w  p r e s s u r e  t h r o u g h  t h e i r  e l a b o r a t e  n e t w o r k  o f  c h a n n e l s  a n d  c h a m b e r s .  
B o t h  t h e  p u m p i n g  o f  w a t e r  a n d  c o l l e c t i n g  o f  f o o d  i s  i n s t r u m e n t e d  b y  t h e  
f l a g e l l a t e d  ( c h o a n o c y t e )  c e l l s  w h i c h  l i n e  t h e  i n t e r n a l  s u r f a c e  o f  t h e  
c h a m b e r s
2  
( P l a t e  1 - 2 ,  1 5 - 1 6 ;  F i g  1 ) .  
M o t i v a t i o n  i n  t h e  s e a r c h  f o r  n e w  a n d  i n t e r e s t i n g  c o m p o u n d s  f r o m  
s p o n g e s  w a s  s t i m u l a t e d ,  p e r h a p s  m o r e  t h a n  a n y  o t h e r  d i s c o v e r y ,  b y  t h e  
i s o l a t i o n  o f  t w o  u n u s u a l  n u c l e o s i d e s  ( 1 )  a n d  ( 2 )  f r o m  t h e  J a m a i c a n  s p o n g e  
T e t h y a  c r y p t s  i n  1 9 5 0  b y  B e r g m a n n  a n d  F e e n e y 3 .  
R  
O~~>l 
H  0  H  O H  
( 1 )  R = H  
( 2 ) R = M e  
T h e s e  t w o  c o m p o u n d s  w e r e  f o u n d  t o  h a v e  a n t i t u m o r  a n d  a n t i v i r a l  
a c t i v i t y  a n d  i n d e e d  s e r v e d  a s  m o d e l  c o m p o u n d s  f o r  t h e  s y n t h e s i s  o f  o t h e r  
c o m p o u n d s  w i t h  s i m i l a r  p o w e r f u l  b i o l o g i c a l  a c t i v i t y A .  H e n c e  t h e  s e a r c h  
f o r  o t h e r  p o t e n t i a l l y  u s e f u l  d r u g s  f r o m  t h e  m a r i n e  e n v i r o n m e n t ,  e s p e c i a l l y  
s p o n g e s ,  h a s  p r o g r e s s e d  w i t h  g r e a t  e n t h u s i a s m .  
A n o t h e r  o p t i m i s t i c  c h a l l e n g e  w h i c h  h a s  p r e s e n t e d  i t s e l f  i s  t o  t u r n  t h e  
b i o c h e m i c a l  d i v e r s i t y  o f  c o m p o u n d s  i s o l a t e d  f r o m  s p o n g e s  t o  a d v a n t a g e  i n  
t : l l x o n o m y .  
H i s t o r i c a l l y ,  c l a s s i f i c a t i o n  o f  s p o n g e s  h a s  b e e n  p r i m a r i l y  b a s e d  o n  
4  
t h e  c h a r a c t e r i s t i c s  o f  t h e  s p i c u l e  s k e l e t o n .  H o w e v e r  t h i s  h a s  p r o v e d  t o  
b e  i n a d e q u a t e  i n  m a n y  c a s e s ,  p a r t i c u l a r l y  i n  t h e  c l a s s i f i c a t i o n  o f  o n e  
i m p o r t a n t  g r o u p ,  t h e  K e r a t o s a
7  
o r  H o r n y S  s p o n g e s  ( c l a s s  D e m o s p o n g i a e ) .  
C h e m o t a x o n o m y  u t i l i s e s  t h e  p r e s e n c e  o r  a b s e n c e  a n d  b i o c h e m i c a l  
r e l a t i o n s h i p  o f  p a r t i c u l a r  c o m p o u n d s  a n d ,  t o g e t h e r  w i t h  t h e  
u l t r a s t r u c t u r a l ,  h i s t o l o g i c a l  a n d  r e p r o d u c t i v e  c h a r a c t e r i s t i c s ,  c o u l d  
o f f e r  a  m o r e  c o n v e n i e n t  m e t h o d ,  o r  a t  l e a s t  s u p p l e m e n t  e x i s t i n g  m e t h o d s  o f  
s p o n g e  c l a s s i f i c a t i o n .  
E a r l y  w o r k  i n t o  t h e  p o s s i b l e  u s e  o f  c h e m o t a x o n o m y  o n  s p o n g e s  w a s  
c o n d u c t e d  b y  B e r g m a n n  i n  w h i c h  h e  i n v e s t i g a t e d  t h e  s t r u c t u r a l  v a r i a t i o n s  
a n d  d i s t r i b u t i o n  o f  s t e r o l s  i n  a  l a r g e  v a r i e t y  o f  s p e c i e s  f r o m  
D e m o s p o n g i a e  . 5 , 6  
T h e  a m i n o  a c i d s ,  a l k a l o i d  a n d  t e r p e n e  c o n t e n t  o f  s p o n g e s  h a s  a l s o  b e e n  
l o o k e d  a t  a n d  h o l d  p r o m i s e  t h a t  t h e y  m a y  a l s o  b e  u s e f u l  i n  t a x o n o m y . 2  
A s  m e n t i o n e d  a b o v e ,  t h e  u s u a l  m e t h o d  o f  c l a s s i f i c a t i o n  o f  s p o n g e s  b y  
t h e i r  s p i c u l e s  i s  n o t  p o s s i b l e  i n  t h e  s o  c a l l e d  g r o u p  k n o w n  a s  t h e  ' h o r n y '  
8  
s p o n g e s  . .  
H o r n y  s p o n g e s  a r e  d e v o i d  o f  m i n e r a l  s p i c u l e s  a n d  h a v e  a  s k e l e t o n  
c o m p r i s e d  o n l y  o f  s p o n g i n  f i b r e s .  I t  i s  w i t h i n  t h i s  g r o u p  t h a t  
c h e m o t a x o n o m y  h a s  p r o v e n  t o  b e  o f  k e y  i m p o r t a n c e .  
R e c e n t l y  B e r g q u i s t  h a s  r e c l a s s i f i e d  t h e  ' h o r n y '  s p o n g e s  g r o u p s  i n t o  
t h r e e  s e p a r a t e  o r d e r s :
9
) O  t h e  V e r o n g i d a e ,  D i c t y o c e r a t i d a  a n d  
D e n d r o c e r a t i d a .  I n  t h i s  r e c l a s s i f i c a t i o n  b i o c h e m i c a l  a s p e c t s  W e r e  t a k e n  
i n t o  c o n s i d e r a t i o n  t o g e t h e r  w i t h  t h e  a r r a n g e m e n t  o f  t h e  s p o n g i n  f i b r e  
n e t w o r k .  
S p o n g e s  w i t h i n  t h e  o r d e r  V e r o n g i d a e  h a v e  a  s p o n g i n  f i b r e  s k e l e t o n  
w h i c h  s u p p o r t s  a  h e a v i l y  c o l l a g e n o u s  m a t r i x .  C h e m i c a l l y  t h e y  a r e  t y p i f i e n  
b y  s e c o n d a r y  m e t a b o l i t e s  d e r i v e d  f r o m  t y r o s i n e .  S u c h  e x a m p l e s  a r e  t h o s e  
5  
i s o l a t e d  f r o m  s p o n g e s  o f  t h e  g e n u s  A p l y s i n a ,  ( 3 ) ,  ( 4 ) 1 1  a n d  ( 5 ) ,  ( 6 ) 1 2 .  
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A p l y s i n a  s p .  
T h e  o r d e r s  D i c t y o c e r a t i d a  a n d  D e n d r o c e r a t i d a  o n  t h e  o t h e r  h a n d  a r e  
c h a r a c t e r i s e d  c h e m i c a l l y  b y  a  r i c h  t e r p e n o i d  c o n t e n t .
2  
T h e  m a j o r  d i f f e r e n t i a t i n g  a s p e c t s  b e t w e e n  t h e s e  t w o  o r d e r s  i s  t h e  
c o m p l e x i t y  o f  t h e  s p o n g i n  f i b r e s  a n d  t h e  t y p e  o f  t e r p e n o i d s  f o u n d  i n  t h e  
s p o n g e s  s o  f a r  a n a l y s e d .  
S f O " ' j e s .  
T h e  s p o n g i n  s k e l e t o n S  o f  d i c t y o c e r a t i d , '  a r e  a l w a y s  c o n s t r u c t e d  u p o n  a n  
A  
a n a s t o m o s i n g  p a t t e r n  i n v o l v i n g  p r i m a r y  a n d  s e c o n d a r y  f i b r e s  ( f i g . 2 ) 2 .  
T h e  c h e m i s t r y  o f  D i c t y o c e r a t i d  t e r p e n e s  i s  c h a r a c t e r i s e d  b y  b e i n g  
p r e d o m i n a n t l y  o f  s e s t e r t e r p e n e  ( C 2 5 )  o r i g i n .  T h e s e  i n c l u d e  s u c h  
s t r u c t u r a l  v a r i e t i e s  a s  f u r a n o s e s t e r t e r p e n e s  ( 7 ) ,  t e t r a c y c l i c  
s e s t e r t e r p e n e s  ( 8 )  a n d  t r u n c a t e d  C 2 l  a n d  C 2 2  s e s t e r t e r p e n e s  ( 9 ) .  
R  
R  
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( 9 )  
I n  a d d i t i o n  t o  s e s t e r t e r p e n e s ,  c y c l i c  s e s q u i t e r p e n e s ,  p o l y p r e n y l  
q u i n o l s  a n d  d i t e r p e n e s  h a v e  a l s o  b e e n  i s o l a t e d  f r o m  D i c t y o c e r a t i d a .
2  
6  
T h e  t h i r d  o r d e r  w i t h i n  t h e  ' h o r n y '  s p o n g e s ,  D e n d r o c e r a t i d a ,  i s  b o t h  
t h e  s m a l l e s t  a n d  a l s o  t h e  l e a s t  s t u d i e d  o f  t h e  t h r e e  o r d e r s .  I t  c o n t a i n s  
t h r e e  f a m i l i e s :  A p l y s i l l i d a e  ( 5  g e n e r a ) ,  D i c t y o d e n d r i l l i d a e  ( 2  g e n e r a )  a n d  
H a l i s o r i d a e  ( 1  g e n u s ) .  
I n  c o n t r a s t  t o  t h e  D i c t y o c e r a t i d Q ,  t h e  s p o n g i n  s k e l e t o n  o f  Ine.M~"S. o f + 1 I 4  
D e n d r o c e r a t i < J a . .  i s  c o m p o s e d  o f  s p o n g i n  f i b r e s  a r r a n g e d  i n  . .  a  d e n d r i t i c  
p a t t e r n .  I n  s m a l l  s p e c i m e n s  o f  t h e  A p l y s i l l a  g e n u s  t h e y  m a y  b e  s i m p l e  
7  
u p r i g h t  f i b r e s  (  P l a t e s  1 1 - 1 3 ;  f i g .  3 )  , 2 , 8  
T h e  s p o n g e s  u n d e r  i n v e s t i g a t i o n  h e r e  b e l o n g  t o  t h e  f a m i l y  A p l y s i l l i d a e  
( g e n u s  A p l y s l 1 1 a ) ,  T h i s  g r o u p  o f  s p o n g e s  h a s  b e e n  l a r g e l y  n e g l e c t e d  b y  
c h e m i s t s  p r o b a b l y  d u e  t o  t h e i r  d i f f i c u l t y  i n  c o l l e c t i n g ,  H o w e v e r  a  n u m b e r  
o f  s p e c i e s  h a v e  b e e n  i n v e s t i g a t e d ,  t h e  m e t a b o l i t e s  o f  w h i c h  m a y  b e  
f o r m a l l y  d e r i v e d  f r o m  t h e  h y p o t h e t i c a l  t e t r a c y c l i c  p r e c u r s o r  s p o n g i a n  
( 1 0 )  , 1 3  
, .  . .  
( 1 0 )  
T h e  f i r s t  r e p o r t  o f  m e t a b o l i t e s  c o n t a i n i n g  t h e  s p o n g i a n  s k e l e t o n  w a s  
f r o m  S p o n g i a  o f f i c i n a l i s  f r o m  w h i c h  i s o a g a t h o l a c t o n e  ( 1 1 )  w a s  i s o l a t e d , W  
o  
' 0  
( 1 1 )  
S i n c e  t h i s  f i r s t  r e p o r t  o t h e r  S p o n g i a  s p e c i e s ,  e x a m i n e d  f r o m  a  v a r i e t y  
o f  l o c a t i o n s ,  h a v e  a l s o  g i v e n  m e t a b o l i t e s  c o n t a i n i n g  t h e  s p o n g i a n  o r  
s p o n g i a n  d e r i v e d  b a c k b o n e , l S , I 6 , 1 7  O x i d a t i o n  i n  t ' h e s e  m e t a b o l i t e s  h a s  b e e n  
d i r e c t e d  i n t o  t h e  A  r i n g  a n d  t h e  C l l ,  C 1 2  a n d  C 1 3  p o s i t i o n s  o f  t h e  C  r i n g ,  
8  
T h e  m a j o r i t y  o f  m e t a b o l i t e s  c o n t a i n i n g  t h e  s p o n g i a n  s k e l e t o n  o r  
s p o n g i a n  d e r i v e d  s k e l e t o n  t o  d a t e  a r e  f r o m  s p o n g e s  o f  t h e  o r d e r  
D e n d r o c e r a t i d a .  W i t h i n  t h e s e  m e t a b o l i t e s ,  o x i d a t i o n  h a s  b e e n  m a i n l y  
d i r e c t e d  t o w a r d s  C 6  a n d  C 7  o f  t h e  B  r i n g  a n d  a t  C 1 7 .  
I t  i s  b e l i e v e d  t h a t  t h e  o x i d a t i o n  p a t t e r n  w i t h i n  t h e s e  s p o n g e s  m a y  
g i v e  s o m e  l e a d  i n t o  a  
t w o  o r d e r s  a s  w e l l  a s  
" i ' Q 1 (  C l  
chemo~nomic r e p r e s e n t a t i o n  o f  s p o n g e s  
1 1 . . ,  
t h e i r  e v o l u t i o n a r y  d e v e l o p m e n t .  
b e t w e e n  t h e  
A n  i n i t i a l  e x t r a c t i o n  o f  a  s p o n g e  i d e n t i f i e d  a s  A p l y s i l l a  r o s e a  
( f a m i l y  A p l y s i l l i d a e )  f r o m  N e w  Z e a l a n d  w a t e r s  r e v e a l e d  o n l y  o n e  
m e t a b o l i t e ,  a p l y s i l l i n  ( 1 2 ) . m  
( 1 2 )  
I n  c o n t r a s t  t o  t h e  N e w  Z e a l a n d  s a m p l e ,  e x t r a c t i o n  o f  A p l y s i l l a  r o s e a  
c o l l e c t e d  f r o m  S y d n e y  w a t e r s  ( N . S . W . )  p r o v i d e d  a  s e r i e s  o f  l a c t o n e  
a c e t a l s ,  t h e  a p l y r o s e o l s ,  w i t h  g e n e r a l  s t r u c t u r e  ( 1 3 ) W .  
o  
( 1 3 )  
9  
I n  s o m e  s p e c i e s  o f  a p l y s i l l i d s ,  t h e  h y p o t h e t i c a l  p r e c u r s o r  s p o n g i a n  
( 1 0 )  h a s  u n d e r g o n e  d e e p  s e a t e d  b i o g e n e t i c  r e a r r a n g e m e n t s  i n c l u d i n g  
c l e a v a g e  o f  t h e  B a n d  C  r i n g s .  E x a m p l e s  o f  t h i s  a r e  a p l y s u l p h u r i n  ( 1 4 ) W  
a n d  a p l y t a n d i e n e - l  (15)~ i s o l a t e d  f r o m  A p l y s i l l a  s u l p h u r e a  a n d  A p l y s i l l a  
t a n g o  r e s p e c t i v e l y .  
( 1 4 )  
C A c  
,~H 
( 1 5 )  
0 A c  
= - H  
( 1 6 )  
F u r t h e r  r e a r r a n g e m e n t s  o f  t h e  r i n g s  m a y  a l s o  o c c u r  a s  i n  t h e  c a s e  o f  
a p l y v i o l e n e  ( 1 6 ) 2 2  i s o l a t e d  f r o m  C h e l o n a p l y s i l l a  v i o l a c e a  ( f a m i l y  
A p l y s i l l i d a e ) .  A  n u m b e r  o f  o t h e r  s i m i l a r  c o m p o u n d s  w e r e  a l s o  i s o l a t e d  
f r o m  t h i s  s p o n g e  c o l l e c t e d  f r o m  N e w  Z e a l a n d  waters~. 
A  l i s t  o f  t e r p e n o i d s  w h i c h  h a v e  b e e n  i s o l a t e d  f r o m  s p o n g e s  b e a r i n g  a  
s p o n g i a n  o r  s p o n g i a n  d e r i v e d  b a c k b o n e  i s  p r e s e n t e d  i n  S e c t i o n  1 . 2 . 5 .  
I n  l i g h t  o f  o u r  g r o u p ' s  i n i t i a l  i n t e r e s t  i n  t h e  m e t a b o l i t e s  o f  ' t h - e  
A p l y s i l l i d a e  
f o r  c h e m o t a x o n o m y ,  a s  w e l l  a s  t h e  p r o b a b l e  c h e m i c a l  d e f e n c e  
r o l e  a n d  h e n c e  b i o l o g i c a l  a c t i v i t y  o f  t h e i r  s e c o n d a r y  m e t a b o l i t e s ,  t w o  
f u r t h e r  m e m b e r s  o f  t h i s  f a m i l y ,  A p l y s i l l a  p a l l i d a  a n d  A p l y s i l l a  v a r .  
s u l p h u r e a  h a v e  b e e n  e x t r a c t e d .  
A l s o ,  a n  i n i t i a l  l a r g e  s c a l e  c o l l e c t i o n  o f  A p l y s i l l a  r o s e a  b y  t h e  
a u t h o r  a s  p a r t  o f  d n  h o n o u r s  p r o j e c t  p r o m p t e d  a  f u r t h e r  i n v e s t i g a t i o n  f o r  
o t h e r  u n i s o l a t e d  m i n o r  m e t a b o l i t e s .  
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T h e  s e c o n d  m a j o r  t a x o n o m i c  g r o u p  o f  c o l o n i a l  a n i m a l s  w h i c h  h a s  b e e n  
g a i n i n g  r e s p e c t  a n d  i n t e r e s t  f r o m  c h e m i s t s  a r e  t h e  B r y o z o a n s  ( O r d o v i c i a n  
R e c e n t ) ,  w h i c h  a r e  a l s o  s e d e n t a r y  c o l o n i a l  f i l t e r  f e e d i n g  i n v e r t e b r a t e s  
l i k e  s p o n g e s .  T h e r e  a r e  s o m e  4 0 0 0  l i v i n g  s p e c i e s  k n o w n  t o d a y ,  o f  w h i c h  
t h e  m a j o r i t y  a r e  m a r i n e .  
T h e  B r y o z o a n  i s  m a d e  u p  o f  i n d i v i d u a l  z o o i d s  e n c a s e d  i n  a  c y l i n d r i c a l  
s k e l e t o n  w h i c h  a r e  l i n k e d  t o g e t h e r  f o r m i n g  a  c o l o n y .  T h e  s k e l e t o n  i n  t h e  
m a j o r i t y  o f  c a s e s  i s  m a d e  o f  c a l c i u m  c a r b o n a t e ,  h o w e v e r  i n  a  f e w  e x a m p l e s  
i t  i s  m e m b r a n o u s .  
T h e  i n d i v i d u a l  z o o i d s  r e s e m b l e  s m a l l  c n i d a r i a n  p o l y p s  ( e . g .  c o r a l  
p o l y p s )  i n  t h a t  t h e y  d e p l o y  a  r i n g  o f .  t e n t a c l e s  o u t  o f  a n  o r i f i c e  i n  t h e i r  
s k e l e t o n  w h e n  f e e d i n g .  B u t  t h e  b r y o z o a n  i s  a  h i g h e r  o r d e r  o f  a n i m a l ,  
h a v i n g  a  f r e e l y  s u s p e n d e d  g u t  w i t h  b o t h  m o u t h  a n d  a n u s ,  a n d  a  r u d i m e n t a r y  
n e r v o u s  s y s t e m .  T h e  t e n t a c l e s ,  w h e n  d a n g e r  s t r i k e s ,  r e t r a c t  b a c k  i n t o  t h e  
s k e l e t o n  a n d  a  f l a p  ( o p e r c u l u m )  c o v e r s  t h e  o r i f i c e  p r o t e c t i n g  t h e  z o o i d .  
T h e  f e e d i n g  h a b i t  o f  t h e  b r y o z o a n  z o o i d s  i s  s i m i l a r  t o  t h a t  o f  
s p o n g e s .  T h e  t e n t a c l e s  d i r e c t  w a t e r  t o w a r d s  t h e  m o u t h  a n d  t h e  o r g a n i c  
m a t t e r  i s  f i l t e r e d  o u t .  
T o d a y  t h r e e  c l a s s e s  o f  B r y o z o a  a r e  r e c o g n i s e d :  t h e  P h y l a c t o l a e m a t a ,  
S t e n o l a e m a t a  a n d  t h e  G y m n o l a e m a t a .  
T h e  P h y l a c t o l a e m a t a  c o n t a i n s  1 2  g e n e r a  a l l  o f  w h i c h  a r e  f r e s h  w a t e r  
v a r i e t i e s .  T h e  S t e n o l o e m a t a  a r e  m a r i n e  b r y o z o a n s  d i v i d e d  i n t o  f i v e  o r d e r s  
o f  w h i c h  o n l y  o n e ,  t h e  C y c l o s t o m a t a ,  e x i s t s  t o d a y .  T h e  f i n a l  c l a s s ,  t h e  
G y m n o l a e m a t a ,  c o n t a i n s  o v e r  3 0 0 0  s p e c i e s  a n d  i s  t h e  m o s t  i m p o r t a n t  c l a s s  
e x i s t i n g  today.~'~ 
T h e  c h e m i s t r y  o f  t h i s  e x t e n s i v e  i n v e r t e b r a t e  p h y l u m  h a s  l a r g e l y  b e e n  
n e g l e c t e d ,  w h i c h  i s  i n  p a r t  d u e  t o  d i f f i c u l t i e s  i n  s e c u r i n g  e n o u g h  
m a t e r i a l  f o r  s e r i o u s  i n v e s t i g a t i o n s .  T h i s  l a c k  o f  p r o g r e s s  i n t o  t h i s  
l a r g e  a n i m a l  g r o u p  i s  c l e a r l y  s h o w n  b y  t h e  f e w  a c c o u n t s  o f  c h e m i c a l  
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l i t e r a t u r e  p r e s e n t e d  i n  a  r e v i e w  b y  C h r i s t o p h e r s o n  i n  1985.~ 
H o w e v e r  b r y o z o a n s  l a t e l y  h a v e  e m e r g e d  a s  a n  i n t e r e s t i n g  s o u r c e  o f  
b i o l o g i c a l l y  a c t i v e  c o m p o u n d s .  M o s t  o f  t h e  c o m p o u n d s  i s o l a t e d  t o  d a t e  
h a v e  b e e n  a l k a l o i d s  s u c h  a s  t h o s e  f r o m  F l u s t r a  f o l i a c e a  ( f a m i l y  
F r u s t r i d a e )  ( 1 7 ) ,  ( 1 8 )  o r  f r o m  C h a r t e l l a  p a p y r a c e a  ( f a m i l y  F r u s t r i d a e )  
h a v i n g  g e n e r a l  s t r u c t u r e  (19).~ 
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( 2 0 )  
R e c e n t l y  t h e  b r y o z o a n  B u g u l a  n e r i t i n a  a l s o  h a s  a t t r a c t e d  c o n s i d e r a b l e  
i n t e r e s t  d u e  t o  t h e  i s o l a t i o n  o f  t h e  p o t e n t  a n t i n e o p l a s t i c  m e t a b o l i t e  
b r y o s t a t i n - l  (20).~ 
I t  w a s  i n  l i g h t  o f  t h i s  l a c k  o f  p r o g r e s s  a n d  t h e  p o t e n t i a l  o f  f i n d i n g  
i n t e r e s t i n g  n e w  m e t a b o l i t e s  t h a t  w o r k  w a s  c o m m e n c e d  o n  t h e  b r y o z o a n  
O r t h o s c u t i l l a  m a c u l a t a  ( f a m i l y  C a t e n i c e l l i d a e )  c o l l e c t e d  f r o m  J e r v i s  B a y  
( N .  S .  W .  c o a s t ) .  
F i g  1 .  
A  c h o a n o c y t e  c e l l  s h o w i n g  t h e  l o n g  f l a g e l l u m  ( F ) ,  
a p i c a l  c o l a r  o f  c y t o p l a s m i c  t e n t i c l e s  ( T )  a n d  
F i g  2 .  
F i g  3 .  
r o u n d e d  c e l l  b o d y  ( B ) .  
( S o u r c e :  B e r g q u i s t
2
)  
c o n  c o n u l e s  
f  f i b r e s  
1  
l a r v a  
i p  
i n h a l e n t  p o r e s  
x c  
e x h a l e n t  c a n a l s  
( o s c u l u m )  
c h  
c h o a n o c y t e s  
D i a g r a m m a t i c  s e c t i o n  a t  r i g h t  a n g l e s  t o  t h e  s u r f a c e  o f  a  
d i c t y o c e r a t i d  s p o n g e .  N o t e  t h e  p r i m a r y  ( p f )  a n d  s e c o n d a r y  
( s f )  f i b r e s  w h i c h  m a k e  u p  t h e  s p o n g i a n  n e t w o r k .  
D i a g r a m m a t i c  s e c t i o n  a t  r i g h t  a n g l e s  
t o  t h e  s u r f a c e  o f  
a n  a p l y s i l l i d  s p o n g e .  
N o t e  i n  t h e s e  s p o n g e s  t h e  s p o n g i a n  
f i b r e s  ( f )  a r e  s i m p l e  u p r i g h t  f i b r e s  a n d  d i s p l a y  n o  
.~Astomosin2.(hence a  D e n d r o c e r a t i d ) .  
Plate 1. 
Plate 2. 
Scanning electron micrograph of a chamber within 
the sponge Aplysills tango, showing choanocyte 
cells which execute both the pumping of water 
through the sponge elaborate network of pores and 
chambers, as well as the feeding by filtering out 
the organic matter from the sea water. (xlSOO) 
Close up of the choanocyte cells showing the long 
flagellum (F)with an apparent b~lbous tip (S), 
apical collar of cytoplasmic tenticles (T) and 
rounded cell body (B). (x3600) 
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1 . 2  D I S C U S S I O N  
T h e  m a r i n e  s p o n g e  A p l y s i l l a  p a l l i d a  w a s  c o l l e c t e d  f r o m  t w o  l o c a t i o n s ;  
B a r e  I s .  S y d n e y  a n d  B a s s  ( P i g )  I s .  W o l l o n g o n g .  T h e  s a m p l e s  w e r e  
i m m e d i a t e l y  t r a n s p o r t e d  b a c k  t o  t h e  l a b o r a t o r y ,  f r e e z e  d r i e d  a n d  t h e n  
n o t -
e x t r a c t e d  w i t h  c h l o r o f o r m / e t h y l  a c e t a t e  ( 1 : 1 ) .  
F o u r  n e w  d i t e r p e n e s  w e r e  
~ 
i s o l a t e d  a n d  c h a r a t e r i s e d  b y  e x t e n s i v e  s p e c t r o s c o p i c  m e t h o d s :  
a p l y p a l l i d e n o n e  ( 2 1 ) ,  a p l y p a l l i d o x o n e  ( 2 2 ) ,  a p l y p a l l i d i o n e  ( 2 3 )  a n d  
a p l y p a l l i d i o x o n e  ( 2 4 ) .  T h e  s t r u c t u r e s  o f  a p l y p a l l i d e n o n e  a n d  
a p l y p a l l i d o x o n e  w e r e  f u r t h e r  c o n f i r m e d  b y  X - r a y  c r y s t a l l o g r a p h y  ( A p p e n d i x  
1 ) .  D u e  t o  t h e  d i f f i c u l t y  i n  f i n d i n g  a n d  c o l l e c t i n g  m a t e r i a l ,  s e v e r a l  
c o l l e c t i o n s  w e r e  m a d e  a t  v a r i o u s  t i m e s  o f  t h e  y e a r .  T h e r e f o r e  t h e  t w o  
no~ 
m o s t  concentrated~diterpenes, a p l y p a l l i d e n o n e . ( 2 1 )  a n d  a p l y p a l l i d o x o n e  
( 2 2 ) ,  w e r e  q u a n t i f i e d  i n  t h e  v a r i o u s  s a m p l e s  t o  a s c e r t a i n  i f  a n y  
g e o g r a p h i c a l  o r  s e a s o n a l  v a r i a t i o n  i n  t e r p e n e  c o n c e n t r a t i o n s  w a s  o c c u r i n g .  
I  
T o  t h e  b e s t  o f  t h e  a u t h o r s  k n o w l e d g e ,  t h e  A .  
( 2 1 ) - ( 2 4 )  a r e  t h e  f i r s t  p r o d u c t s  i s o l a t e d  h a v i n g  
p a l l l d a  m e t a b o l i t e s  
M~ 
t h e  d i t e r p e n e  c a r b o n  
A  
s k e l e t o n  ( 2 5 ) ,  w h i c h  i s  b e i n g  ten~tively c a l l e d  p a l l i d a n e .  T h e s e  
m e t a b o l i t e s  m a y  b e  f o r m a l l y  d e r i v e d  f r o m  s p o n g i a n  ( 1 0 )  i n  w h i c h  t h e  C 1 5  
c a r b o n  i s  o x i d a t i v e l y  r e m o v e d  ( s e e  S e c t i o n  1 . 2 . l F ) .  H e n c e  a  s i m i l a r  
n u m b e r i n g  s y s t e m  ( a s  a r e  t h e  r i n g  l e t t e r s )  t o  t h a t  u s e d  i n  s p o n g i a n  ( 1 0 ) ,  
a n d  s h o w n  i n  ( 2 5 ) ,  h a s  b e e n  a d o p t e d  i n  t h i s  t e x t .  
A p l y p a l l i d e n o n e  ( 2 1 )  o n  t r e a t m e n t  w i t h  m e t h a n o l  a f f o r d e d  a  m i x t u r e  o f  
( 2 1 )  a n d  t h e  M i c h a e l  a d d u c t ,  a s  t h e  e n o l  ( 2 6 ) .  C o m p l e t i o n  o f  t h e  r e a c t i o n  
w a s  n e v e r  a c h i e v e d  a n d  t h e  p r o d u c t  c o u l d  n o t  b e  p u r i f i e d  b y  c h r o m a t o g r a p h y  
( f l a s h  s i l i c a ) :  o n l y  a  9 5 %  c o n v e r s i o n  t o  t h e  M i c h a e l  a d d u c t  w a s  a c h i e v e d  
e v e n  a f t e r  a  w e e k  i n  A R  g r a d e  m e t h a n o l  ( I H  n . m .  r . ) ,  a n d  t h e  a d d u c t  t h e n  
s l o w l y  r e v e r t e d  t o  a p l y p a l l i d e n o n p . a f t e r  r e m o v a l  o f  t h e  m e t h a n o l  
( t . l . c . ) .  T h e  e n o l  ( 2 6 )  o n  t r e a t m e n t  w i t h  a c e t i c  a n h y d r i d e / p y r i d i n e  ( 1 : 1 )  
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a f f o r d e d  a p l y p a l l i d e n o n e  a n d  t h e  t r a p p e d  e n o l  a c e t a t e  ( 2 7 )  a s  a  m i n o r  
p r o d u c t  ( S c h e m e  1 ) .  B y  r e t u r n i n g  t h e  r e a c t i o n  m i x t u r e  t o  m e t h a n o l  f o r  2 4  
h o u r s ,  r e m o v i n g  t h e  s o l v e n t  b e f o r e  a d d i n g  a c e t i c  a n h y d r i d e / p y r i d i n e  f o r  2 4  
h o u r s  a n d  r e p e a t i n g  t h i s  c y c l e  s e v e r a l  t i m e s ,  t h e  y i e l d  o f  e n o l  a c e t a t e  
w a s  i n c r e a s e d .  T h e  e n o l  a c e t a t e  c o u l d  t h e n  b e  p u r i f i e d  b y  c o l u m n  
c h r o m a t o g r a p h y  ( f l a s h  s i l i c a ) .  
A s  p a r t  o f  a n  H o n o u r s  p r o j e c t  t o  o b t a i n  a n d  p u r i f y  t h e  p e n t a c y c l i c  
d i t e r p e n e  a p l y r o s e o l - l  ( 3 0 )  i n  s u f f i c i e n t  q u a n t i t y  f o r  2 D  D C  - l H  n . m . r .  
s t u d i e s ,  a  l a r g e  s c a l e  c o l l e c t i o n  o f  t h e  s p o n g e  A p l y s i l l a  r o s e a  w a s  m a d e .  
A l t h o u g h  o r i g i n a l l y  e x t r a c t e d  b y  K a r u s o ,  a  l a r g e  s c a l e  c o l l e c t i o n  b y  t h e  
a u t h o r  p r o v i d e d  a n  o p p o r t u n i t y  t o  e x a m i n e  t h e  s p o n g e  f o r  f u r t h e r  m i n o r  
m e t a b o l i t e s .  T h e  p r e v i o u s l y  i s o l a t e d  m e t a b o l i t e s ,  a m b l i o f u r a n  ( 2 8 ) ,  
h e x a h y d r o a m b l i o f u r a n  ( 2 9 ) ,  a p l y r o s e o l - l  ( 3 0 ) ,  - 3  ( 3 1 ) ,  - 4  ( 3 2 ) ,  - 5  ( 3 3 ) ,  
- 6  ( 3 4 )  a n d  l a c t o n e s  ( 3 5 )  a n d  ( 3 6 ) ,  t o g e t h e r  w i t h  d e n d r i l l o l - l  ( 3 7 )  a n d  - 2  
( 3 8 )  f r o m  t h e  N e w  Z e a l a n d  s p o n g e  D e n d r l l l a  r o s e a  w e r e  f o u n d .
1 9
•
2 6  
E l e v e n  
n e w  c o m p o u n d s  A R O S S T - 1  ( 3 9 )  - 1 1  ( 4 9 )  w e r e  a l s o  i s o l a t e d ,  s i x  o f  w h i c h  h a v e  
s k e l e t o n s  b a s e d  o n  t h e  e n t - i s o c o p a 1 a n e  ( 5 0 ) n  s y s t e m  [ c o m p o u n d s  
( 3 9 ) - ( 4 4 ) ] ,  t w o  o n  t h e  p a l 1 i d a n e  ( 2 5 )  s y s t e m  [ c o m p o u n d s  ( 4 5 ) - ( 4 6 ) ]  a n d  
t h r e e  o n  t h e  s p o n g i a n  ( 1 0 )  s y s t e m  [ c o m p o u n d s  ( 4 7 ) - ( 4 9 ) ] .  
T h e  s t r u c t u r e s  o f  c o m p o u n d s  ( 3 0 ) - ( 3 6 )  w e r e  i d e n t i f i e d  b y  d i r e c t  
c o m p a r i s o n  o f  t h e  l H  n . m . r .  s p e c t r a  w i t h  t h o s e  o f  t h e  a u t h e n t i c  s a m p l e s .  
T h e  s t r u c t u r e s  o f  c o m p o u n d s  ( 3 7 ) - ( 3 8 )  w e r e  i d e n t i f i e d  b y  c o m p a r i s o n  w i t h  
t h e  s p e c t r a l  d a t a  p r e s e n t e d  i n  t h e  1 i t e r a t u r e .
2 6  
T h e  s t r u c t u r e s  o f  a l l  
n e w  c o m p o u n d s ,  ( 3 9 ) - ( 4 9 ) ,  w e r e  a s s i g n e d  b y  e x h a u s t i v e  s p e c t r o s c o p i c  
a n a l y s i s .  
T h e  a b s o l u t e  s t e r e o c h e m i s t r y  o f  a p l y r o s e o 1 - 1  ( 3 0 )  w a s  d e t e r m i n e d  b y  
X - r a y  c r y s t a l  s t r u c t u r e  de~rmination o f  i t s  £ - b r o m o b e n z o a t e  d e r i v a t i v e  
( 5 1 ) ,  p r e p a r e d  b y  t h e  t r e a t m e n t  o f  ( 3 0 )  w i t h  £ - b r o m o b e n z o y l  
1 4  
c h 1 0 r i d e f N , N - d i m e t h y 1 a m i n o p y r i d i n e  ( D M A P ) i n  d i c h 1 0 r o m e t h a n e  ( S c h e m e  2 ) .  
I t  w a s  a l s o  r e a s o n a b l e  t o  i n f e r  t h a t  a l l  t h e  a p 1 y r o s e o 1  m e t a b o 1 i t e s  h a v e  
t h e  s a m e  a b s o l u t e  s t e r e o c h e m i s t r y .  
T r e a t m e n t  o f  A R O S S T - 3  ( 4 1 )  w i t h  a c e t i c  a n h y d r i d e / p y r i d i n e  g a v e  a  
c o m p o u n d  i d e n t i c a l  t o  A R O S S T - 4  ( 4 2 ) .  T h i s  t h e r e f o r e  a l l o w e d  t h e  
a s s i g n m e n t  o f  t h e  r e g i o i s o m e r s  A R O S S T - 4  ( 4 2 )  a n d  A R O S S T - 5  ( 4 3 )  ( S c h e m e  
3 ) .  T r e a t m e n t  o f  t h e  l a c t o n e  ( 3 5 )  w i t h  l i t h i u m  a l u m i n i u m  h y d r i d e  a f f o r d e d  
t h e  t r i o l  ( 5 2 )  w h i c h ,  w h e n  t r e a t e d  w i t h  d i m e t h y l  s u l p h o x i d e  a t  1 4 0 ·  o r  
r e f 1 u x e d  w i t h  t r i p h e n y l  p h o s p h i n e  i n  c a r b o n  t e t r a c h l o r i d e ,  y i e l d e d  t h e  
c y c l i c  e t h e r  ( 5 3 )  ( S c h e m e  4 ) .  A l t h o u g h  n o t  c o m p l e t e d , r e d u c t i o n  o f  t h e  C 7  
a l c o h o l  w o u l d  t h e n  y i e l d  t h e  h y p o t h e t i c a l  p r e c u r s o r  s p o n g i a n  ( 1 0 ) .  
T h e  s p o n g e  A p l y s i l l a  v a r .  s u l p h u r e a  w a s  c o l l e c t e d  f r o m  B a r e  I s ,  S y d n e y  
a n d  i m m e d i a t e l y  t r a n s p o r t e d  t o  t h e  l a b o r a t o r y ,  f r e e z e  d r i e d  a n d  t h e n  
e x t r a c t e d  w i t h  c h l o r o f o r m / e t h y l  a c e t a t e  ( 1 : 1 ) .  O n l y  o n e  p a t c h  h a s  b e e n  
f o u n d  o f  t h i s  s p o n g e ,  w h i c h  t h e  a u t h o r  o b s e r v e d  t o  h a v e  a  v e r y  r a p i d  
r e g e n e r a t i o n .  A  s u b s e q u e n t  s e c o n d  c o l l e c t i o n  o f  t h i s  s p o n g e  s h o w e d  n o  
s e a s o n a l  v a r i a t i o n s  i n  t h e  d i t e r p e n e  m e t a b o 1 i t e s .  O n l y  t w o  p r e v i o u s l y  
r e p o r t e d  d i t e r p e n e s ,  1 5 , 1 6 - d i a c e t o x y s p o n g i a n  ( 5 4 )  a n d  1 6 - o x o s p o n g i a n  ( 5 5 ) ,  
w e r e  i s o l a t e d  i n  b o t h  s a m p l e s  c o 1 l e c t e d .
1 7
·
2 1  
T h e  c a t e n i c e 1 1 i d  b r y o z o a n  O r t h o s c u t i l l a  m a c u l s t a  ( f a m i l y  
C a t e n i c e 1 1 i d a e )  w a s  c o l l e c t e d  f r o m  a  l o c a t i o n  k n o w n  a s  ' T o r p e d o  T u b e s '  i n  
t h e  w a t e r s  o f  J e r v i s  B a y .  T h e  m a t e r i a l  w a s  t r a n s p o r t e d  b a c k  t o  S y d n e y ,  
f r e e z e  d r i e d  a n d  t h e n  e x t r a c t e d  w i t h  a m m o n i a t e d  m e t h a n o l .  T h e  r e s u l t i n g  
e x t r a c t  w a s  t h e n  p a r t i t i o n e d  b e t w e e n  e t h y l  a c e t a t e  a n d  h y d r o c h l o r i c  a c i d  
s o l u t i o n  ( 3  M ) .  T h e  e t h y l  a c e t a t e  e x t r a c t  y i e l d e d  o n l y  f a t t y  a c i d s  a n d  
t r i g l y c e r i d e s  w h i c h  w e r e  n o t  a n a l y s e d .  T h e  h y d r o c h l o r i c  a c i d  s o l u t i o n  
u p o n  b a s i f i c a t i o n  ( p H  1 4 )  w i t h  a m m o n i a  s o l u t i o n  a n d  e x t r a c t i o n  w i t h  
1 5  
c h l o r o f o r m  y i e l d e d  o n l y  o n e  a l k a l o i d ,  l - e t h y l - C a r b o l i n e  ( 5 6 ) ,  p r e v i o u s l y  
~ 
i s o l a t e d  f r o m  a n o t h e r  bryozoa~Castaticella h a s t a t a  ( f a m i l y  
CatenicellidaeJ~ a n d  f r o m  t h e  r o o t s  o f  a  t r o p i c a l  A f r i c a n  t r e e  H a n n o a  
k l a i n e a n a  . 1 9  
I n  S e c t i o n  1 . 2 . 5 .  a  l i s t  o f  s p o n g e s  a n d  t h e i r  m e t a b o l i t e s  c o n t a i n i n g  
t h e  s p o n g i a n  o r  s p o n g i a n - d e r i v e d  b a c k b o n e  i s  p r e s e n t e d .  
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2 0  
1 . 2 . 1  A p l y s l 1 1 s  p s l l l d s  
A p l y s i l 1 s  p s l l 1 d s  ( P l a t e s  3 - 4 ,  1 1 - 1 4 )  i s  a  r a r e ,  c r e a m y  w h i t e ,  
e n c r V " s t i n g  s p o n g e  o f  t h e  o r d e r  D e n d r o c e r a t i d s ,  w h i c h  o n  e x t r a c t i o n  
y i e l d e d  f o u r  n e w  c r y s t a l l i n e  d i t e r p e n e s .  S i x  c o l l e c t i o n s  o f  A .  p s l l 1 d s  
w e r e  m a d e :  f o u r  f r o m  B a r e  I s . ,  S y d n e y  (  M a y  1 9 8 5 ,  J a n  1 9 8 8 ,  S e p t  1 9 8 8  a n d  
J a n  1 9 8 9 )  a n d  t w o  f r o m  B a s s  ( P i g )  I s . ,  W o l l o n g o n g  ( A u g  1 9 8 8  a n d  D e c  1 9 8 8 ) .  
A .  p s l l 1 d s  f r o m  t h e  B a r e  I s . ,  S y d n e y  l o c a t i o n  w a s  c o l l e c t e d  a t  a  d e p t h  
o f  1 0 - 1 5  m  a n d  w a s  o n l y  e v e r  f o u n d  o n  t h e  c e i l i n g  o f  s m a l l  c r e v i c e s  a n d  
c a v e s ,  a w a y  f r o m  d i r e c t  s u n l i g h t .  T h e s e  c r e v i c e s  t e n d e d  t o  b e  n a r r o w  a n d  
h e n c e ,  p a r t i c u l a r l y  d u r i n g  t h e  w i n t e r  s e a s o n  ( w a t e r  t e m p .  1 4 ' ) ,  m a d e  
c o l l e c t i o n  o f  m a t e r i a l  v e r y  t e d i o u s .  H o w e v e r  A .  p s l l i d s  f r o m  t h e  B a s s  
I s . ,  W o l l o n g o n g  l o c a t i o n  w a s  c o l l e c t e d  a t  a  d e p t h  o f  2 3 - 2 7  m .  A t  t h i s  
d e p t h  t h e  s p o n g e ,  w h e n  f o u n d ,  w a s  o u t  i n  t h e  o p e n  w h i c h  m a d e  c o l l e c t i n g  
m u c h  e a s i e r .  
T h e  s p o n g e  m a t e r i a l ,  o n c e  t r a n s p o r t e d  b a c k  t o  t h e  l a b o r a t o r y ,  w a s  
f r e e z e  d r i e d  a n d  e x t r a c t e d  w i t h  c h l o r o f o r m / e t h y l  a c e t a t e  ( 1 : 1 ) .  T h e  c r u d e  
e x t r a c t  w a s  t h e n  p u r i f i e d  b y  g r a v i t y  c o l u m n  c h r o m a t o g r a p h y  ( f 1 " a s h  s i l i c a )  
a n d  t h e n  f u r t h e r  p u r i f i e d  b y  c r y s t a l l i s a t i o n .  
T h e  t w o  m a j o r  d i t e r p e n e  m e t a b o 1 i t e s ,  a p 1 y p a 1 1 i d e n o n e  ( 2 1 )  a n d  
a p l y p a 1 1 i d o x o n e  ( 2 2 ) ,  w e r e  f i r s t  i s o l a t e d  a n d  t h e  c o n c e n t r a t i o n s  w i t h i n  
t h e  s p o n g e  q u a n t i f i e d  ( T a b l e  1 ) .  T h e y  w e r e  a l s o  t e s t e d  f o r  b i o l o g i c a l  
a c t i v i t y  ( a n t i l e u ( e m i c  ( P 3 8 8 ) ,  a n t i v i r a l  a n d  a n t i b a c t e r i a l )  t h e  r e s u l t s  o f  
w h i c h  a r e  p r e s e n t e d  i n  S e c t i o n  1 . 2 . 1 F .  
F r o m  t h e  c o m b i n a t i o n  o f  t h e  r e m a i n i n g  f r a c t i o n s ,  p u r i f i c a t i o n  o n  f l a s h  
s i l i c a  f o l l o w e d  b y  c r y s t a l l i s a t i o n  y i e l d e d  t h e  f u r t h e r  t w o  m e t a b o 1 i t e s ,  
a p 1 y p a 1 l i d i o n e  ( 2 3 )  a n d  a p 1 y p a l 1 i d i o x o n e  ( 2 4 ) .  
A  m o r e  p o l a r  s t e r o l  f r a c t i o n  ( I H  n . m . r .  s p e c t r u m ,  t . 1 . c . )  " '  . .  : ; ,  a l s o  
p r e s e n t  b u t  w a s  n o t  i n v e s t i g a t e d .  
Plate 3. A underwater photograph of Aplysilla pallida. 
• 
Plate 4. A preserved sample (ethanol/water. 7:3) of 
A. pallida. Note the extremely flat and delicate 
habit of the sponge which made it difficult to 
collect in quantity. 

T a b l e  1  D i t e r p e n e  C o n c e n t r a t i o n s  f r o m  A .  p a l l i d a  
L o c a l i t y l  
M o n t h  ( y )  
C 2  
2 1  2 2  2 1  +  2 2  
( g )  
m g ( % )  
m g ( % )  
( % )  
A  
M a y ( 1 9 8 5 )  6 . 2  1 0 5 ( 1 .  7 )  7 1 ( 1 . 1 )  2 . 8  
A  
J a n ( 1 9 8 8 )  
2 1 . 6
3  
3 9 8 . 5 ( 1 . 7 )  
6 0 5 . 5 ( 2 . 8 )  4 . 5  
B  
A u g ( 1 9 8 8 )  1 3 . 9  2 4 5 ( 1 . 8 )  1 7 5 . 5 ( 1 .  3 )  3 . 1  
A  S e p t ( 1 9 8 8 )  5 . 0  1 4 ( 0 . 3 )  1 0 8 ( 2 . 2 )  2 . 5  
B  
D e c  ( 1 9 8 8 )  
9 . 8  5 8 ( 0 . 6 )  
1 3 6 ( 1 . 4 )  2 . 0  
A  
J a n  ( 1 9 8 9 )  
8 . 7  
1 5 7  ( 1 .  8 )  
1 1 3 ( 1 .  3 )  
3 . 1  
1  A  C o l l e c t e d  a t  B a r e  I s .  S y d n e y  
B  C o l l e c t e d  a t  B a s s  ( P i g )  I s .  W o l l o n g o n g  
2  C  m a s s  o f  d r y  w e i g h t  s p o n g e ;  c o l l e c t i o n s  w e r e  o f  s i n g l e  
c o l o n i e s  
3  
C o l l e c t i o n  i n c o r p o r a t e d  m o r e  t h a n  o n e  s p o n g e  c o l o n y  
c o l l e c t e d  o v e r  a  t w o  w e e k  p e r i o d .  
( A )  A p l y p a 1 1 i d e n o n e  ( 2 1 )  
2 1  
A p l y p a l l i d e n o n e  ( 2 1 )  i s  a  w h i t e ,  c r y s t a l l i n e ,  n e u t r a l ,  o p t i c a l l y  
a c t i v e ,  t r i c y c l i c  d i t e r p e n e .  I t  w a s  s h o w n  t o  h a v e  a  m o l e c u l a r  f o r m u l a  o f  
C2~20S b y  h i g h  r e s o l u t i o n  m a s s  s p e c t r o m e t r y .  B y  m e a n s  o f  e x t e n s i v e  
s p e c t r o s c o p i c  s t u d i e s  t h e  s t r u c t u r e  ( 2 1 ) ,  w i t h  s t e r e o c h e m i s t r y ,  w a s  
a s s i g n e d  t o  t h i s  c o m p o u n d .  
T h e  e l e c t r o n  i m p a c t  m a s s  s p e c t r u m  ( e . i . m . s . )  s h o w e d  a  w e a k  m o l e c u l a r  
i o n  p e a k  a t  m j z  3 7 6  ( 5 % ) ,  w h i c h  w a s  s u p p o r t e d  b y  t h e  c h e m i c a l  i o n i z a t i o n  
m a s s  s p e c t r u m  ( c . i . m . s . )  w h i c h  g a v e  a n  [ M  +  H j +  i o n  a t  m j z  3 7 7  a s  t h e  b a s e  
2 2  
p e a k .  H i g h  r e s o l u t i o n  m a s s  m a t c h i n g  o f  t h e  m o l e c u l a r  i o n  ( m / z  3 7 6 )  i n  t h e  
e . i . m . s .  s u b s t a n t i a t e d  t h e  m o l e c u l a r  f o r m u l a  a s  C n H 3 2 0 S .  I n  a d d i t i o n ,  t h e  
f u l l y  d e c o u p l e d  n C  n u c l e a r  m a g n e t i c  r e s o n a n c e  ( n C  n . m . r . )  s p e c t r u m  s h o w e d  
2 2  s i g n a l s ;  t h e  f u l l y  c o u p l e d  n C  n . m . r .  s p e c t r u m  t o g e t h e r  w i t h  t h e  
i n t e g r a t i o n  o f  t h e  p r o t o n  n u c l e a r  m a g n e t i c  r e s o n a n c e  ( I H  n . m . r . )  s p e c t r u m  
( F i g  4 )  i n d i c a t e d  t h e  p r e s e n c e  o f  3 2  p r o t o n s .  T h e r e f o r e ,  f r o m  t h e  
m o l e c u l a r  f o r m u l a ,  s e v e n  u n i t s  o f  u n s a t u r a t i o n  a r e  p r e s e n t .  
A n  i n t e n s e  b r o a d  a b s o r p t i o n  p e a k  i n  t h e  i n f r a r e d  ( i . r . )  s p e c t r u m  a t  
1 7 4 0  c m - I  a n d  t h r e e  q u a t e r n a r y  c a r b o n  s i g n a l s  i n  t h e  n e  n . m . r .  s p e c t r u m  
a t  6  1 6 5 . 3 ,  1 6 9 . 8  a n d  2 0 0 . 6  i n d i c a t e d  t h e  p r e s e n c e  o f  t h r e e  c a r b o n y l  
f u n c t i o n s :  t w o  e s t e r s  a n d  a  k e t o n e  r e s p e c t i v e l y .  
A  s i n g l e t  i n  t h e  I H  n . m . r .  s p e c t r u m  a t  6  2 . 1 3  ( i n t e g r a t i n g  t o  t h r e e  
p r o t o n s )  t o g e t h e r  w i t h  a  s h a r p  q u a r t e t  a t  6  2 1 . 3  ( I J
C
_
H  
1 3 0  H z )  i n  t h e  n C  
n . m . r .  s p e c t r u m  a n d  a  s t r o n g  a b s o r p t i o n  p e a k  a t  1 2 4 6  c m - I  i n  t h e  i . r .  
s p e c t r u m  e s t a b l i s h e d  o n e  o f  t h e  e s t e r  f u n c t i o n s  a s  a n  a c e t a t e .  B o t h  t h e  
e . i . m . s .  a n d  c . i . m . s .  s h o w e d  t h e  f u l l  l o s s  o f  a  m o l e c u l e  o f  a c e t i c  a c i d ,  
f r a g m e n t a t i o n  o c c u r r i n g  i n  t w o  s t a g e s :  i n i t i a l  l o s s  o f  k e t e n e  ( 4 2  d a l t o n s )  
g i v i n g  p e a k s  a t  m / z  3 3 4  i n  t h e  e . i . m . s .  a n d  m / z  3 3 5  i n  t h e  c . i . m . s . ,  a n d  
s u b s e q u e n t  l o s s  o f  w a t e r  ( 1 8  d a l t o n s )  g a v e  t h e  m / z  3 1 6  a n d  3 1 7  p e a k s  i n  
t h e  e . i . m . s .  a n d  c . i . m . s .  r e s p e c t i v e l y .  
A s  t h e  a c e t o x y  g r o u p  f r a g m e n t s  w i t h  t h e  f u l l  l o s s  o f  a c e t i c  a c i d  t h e r e  
m u s t  b e  a  ~-proton a v a i l a b l e  f o r  ~-elimination. T h i s  i n d i c a t e s  p a r t i a l  
s t r u c t u r e  ( A ) .  
H  C A c  
H  
( A )  
2 3  
T h e  I H  n . m . r .  s p e c t r u m  c o n t a i n e d  a  t h r e e  p r o t o n  s i n g l e t  a t  6  3 . f l  
a n d ,  t o g e t h e r  w i t h  a  s h a r p  q u a r t e t  i n  t h e  n e  n . m . r .  s p e c t r u m  a t  6  5 2 . 4  
( I J
C
_
H  
1 4 7 . 6  H z ) ,  i n d i c a t e d  t h e  p r e s e n c e  o f  a  m e t h o x y  g r o u p .  F r o m  t h e  
c h e m i c a l  s h i f t  i n  t h e  I H  n . m . r .  s p e c t r u m  t h e  m e t h o x y  g r o u p  m u s t  b e  p a r t  o f  
a  m e t h y l  e s t e r  g r o u p .  
T h e  u l t r a v i o l e t  ( u . v . )  s p e c t r u m  (~~ c y c l o h e x a n e :  2 1 1  n m ,  •  9 6 4 0 ;  3 3 6  
n m ,  •  6 0 )  a n d  a  d o u b l e t  i n  t h e  I H  n . m . r .  s p e c t r u m  a t  6  7 . 2 4  ( J  5 . 4  H z )  w a s  
g o o d  e v i d e n c e  f o r  a n  o,~-unsaturated c a r b o n y l  s y s t e m .  F u r t h e r  a n a l y s i s  o f  
t h e  D C  n . m . r .  s p e c t r u m  s h o w e d  t w o  s i g n a l s  i n  t h e  o l e f i n i c  r e g i o n :  a  
s i n g l e t  a t  6  1 3 2  a n d  a  d o u b l e t  o f  d o u b l e t s  a t  6  1 4 4  ( J  1 6 6  H z ,  5 . 4  H z ) .  
T h e  c h e m i c a l  s h i f t s  o f  t h e  c a r b o n y l  c a r b o n s  f o r  b o t h  t h e  m e t h y l  e s t e r  ( 6  
1 6 5 . 3 )  a n d  k e t o n e  ( 2 0 0 . 6 )  w e r e  f u r t h e r  u p f i e l d  t h a n  t h o s e  f o r  
o,~-saturated s y s t e m s  ( c f .  6  1 7 4 . 4  f o r  m e t h y l  n - o c t a n o a t e  a n d  2 0 8 . 8  f o r  
c y c l o h e x a n o n e ) .  
T h e s e  u p f i e l d  c a r b o n y l  r e s o n a n c e s  t o g e t h e r  w i t h  t h e  c h a r a c t e r i s t i c a l l y  
l a r g e  c o u p l i n g  o f  I J
C
_
H  
1 6 6  H z  ( 6  1 4 4 )  f o r  t h e  o l e f i n i c  c a r b o n  a n d  a n  
o l e f i n i c  a b s o r p t i o n  p e a k  ( 1 6 8 6  cm~) i n  t h e  i . r .  s p e c t r u m ,  p r o v i d e d  
f u r t h e r  e v i d e n c e  f o r  a n  o,~-unsaturated c a r b o n y l  s y s t e m .  
A d d i t i o n a l l y ,  t h e  c h e m i c a l  s h i f t  o f  b o t h  c a r b o n y l  c a r b o n s  i n d i c a t e d  
t h a t  b o t h  t h e  m e t h y l  e s t e r  a n d  t h e  k e t o n e  a r e  i n  c o n j u g a t i o n  w i t h  t h e  
o l e f i n i c  b o n d  i n  t h e  o,~-unsaturated s y s t e m .  
S i n c e  t h e  o l e f i n i c  c a r b o n s  a p p e a r  a s  a  d o u b l e t  a n d  a  s i n g l e t ,  a n d  a s  
t h e r e  i s  o n l y  o n e  o l e f i n i c  p r o t o n  i n  t h e  I H  n . m . r .  s p e c t r u m  ( 6  7 . 2 4 ) ,  t h e  
o,~-unsaturated c a r b o n y l  s y s t e m  m u s t  b e  t r i s u b s t i t u t e d  w i t h  t h e  p r o t o n  
r e s i d i n g  ~ t o  t h e  c a r b o n y l .  
P a r t  s t r u c t u r e s  ( B ) - ( G )  f u l f i l l  a l l  t h e  a b o v e  c r i t e r i a  a c c o u n t i n g  f o r  
a l l  t h e  p o s s i b i l i t i e s .  
\ 3 = ' 0  
I  ) : 0  
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A s  a l r e a d y  m e n t i o n e d ,  t h e  p - p r o t o n  a t  0  7 . 2 4  i n  t h e  I H  n . m . r .  s p e c t r u m  
h a s  a  c o u p l i n g  o f  J  5 . 4  H z .  T h i s  m a g n i t u d e  i n d i c a t e d  t h a t  t h e  p r o t o n s  
c o u p l i n g  m u s t  b e  v i c i n a l  r a t h e r  t h a n  a l l y l i c .  H e n c e  p a r t  s t r u t u r e s  ( D ) - ( G )  
w e r e  e l i m i n a t e d .  
F u r t h e r m o r e ,  o n  c l o s e r  a n a l y s i s  o f  t h e  D C  n . m . r .  s p e c t r u m ,  t h e  k e t o n e  
c a r b o n y l  s i g n a l  ( 0  2 0 0 . 6 )  w a s  f o u n d  t o  b e  b r o a d e r  t h a n  t h e  m e t h y l  e s t e r  
c a r b o n y l  s i g n a l  ( 0  1 6 5 . 3 ) .  T h i s  s i t u a t i o n  i s  b e s t  e x p l a i n e d  b y  p a r t  
s t r u c t u r e  ( B )  t h e  b r o a d e n i n g  b e i n g  d u e  t o  a  t r a n s  - 3 J
C
_
H  
c o u p l i n g  o f  
t h e  k e t o n e  c a r b o n y l  c a r b o n  t o  t h e  p - p r o t o n .  
S p i n - s p i n  d e c o u p l i n g  e x p e r i m e n t s  i n  t h e  I H  n . m . r .  s p e c t r u m  o f  t h e  
p r o t o n  a t  0  7 . 2 4  ( J  5 . 4  H z )  s h o w e d  i t  w a s  c o u p l e d  t o  a  p r o t o n  a t  0  5 . 8 3  ( J  
5 . 4 ,  4 . 2  H z ) .  T h i s  p r o t o n  c o u l d  b e  a s s o c i a t e d  w i t h  a  d o u b l e t  i n  t h e  D C  
n . m . r .  s p e c t r u m  a t  0  6 4 . 8  ( J  1 4 9 . 8  H z ) .  T h e s e  0  v a l u e s  a s  w e l l  a s  t h e  
m a g n i t u d e  o f  t h e  I J
C
_
H  
c o u p l i n g  ( I J
C
_
H  
1 4 9 . 8  H z )  m e a n t  t h a t  t h e  p r o t o n  
m u s t  b e  a t t a c h e d  t o  a  c a r b o n  b e a r i n g  a n  o x y g e n .  A s  t h e  o n l y  o x y g e n  s o u r c e  
w h i c h  h a s  n o t  b e e n  a s s i g n e d  i s  t h e  a c e t a t e ,  t h i s  c l e a r l y  i n d i c a t e s  t h a t  
t h e  p r o t o n  a t  0  5 . 8 3  i n  t h e  I H  n . m . r .  spect~xm i s  b o t h  a  t o  t h e  a c e t a t e  
a n d  a l l y l i c  t o  t h e  a , p - u n s a t u r a t e d  c a r b o n y l  s y s t e m .  
F u r t h e r  d e c o u p l i n g  e x p e r i m e n t s  i n  t h e  I H  n . m . r .  s p e c t r u m  s h o w e d  t h e  
a - a c e t o x y  p r o t o n  t o  b e  c o u p l e d  t o  a n  a l i p h a t i c  p r o t o n  r e s o n a t i n g  a s  a  
d o u b l e t  a t  6  1 . 6 9  ( J  4 . 2  H z ) .  T h i s  p r o t o n ,  s i n c e  t h e r e  w e r e  n o  f u r t h e r  
c o u p l i n g s ,  i s  t h e r e f o r e  s i t u a t e d  n e x t  t o  t w o  q u a t e r n a r y  c a r b o n s .  
A l s o ,  a s  t h e r e  a r e  n o  f u r t h e r  d o w n f i e l d  p r o t o n s  i n  t h e  I H  n . m . r .  
s p e c t r u m  ( >  6  2 . 0 0 ) ,  t h e  k e t o n e  c a r b o n y l  m u s t  a l s o  r e s i d e  n e x t  t o  t w o  
q u a r t e r n a r y  c a r b o n s .  
F r o m  t h e  d a t a  p r e s e n t e d  a b o v e  p a r t i a l  s t r u c t u r e  ( B )  c o u l d  n o w  b e  
e x t e n d e d  t o  ( H ) .  
H  C O O C H
3  
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( H )  
2 5  
P a r t i a l  s t r u c t u r e  ( H )  c o n s e q u e n t l y  a c c o u n t s  f o r  a l l  t h e  o x y g e n s  a s  
w e l l  a s  f o u r  o f  t h e  s e v e n  u n i t s  o f  u n s a t u r a t i o n .  A s  t h e  D C  n . m . r . ,  i . r .  
a n d  I H  n . m . r .  s p e c t r a  i n d i c a t e d  n o  f u r t h e r  u n s a t u r a t i o n  t h e  p a r e n t  
h y d r o c a r b o n  i s  t r i c y c l i c .  
O f  p a r t i c u l a r  d i a g n o s t i c  v a l u e  w a s  t h e  m a s s  s p e c t r u m  ( s c h e m e  5 ) .  T w o  
s t r o n g  p e a k s ,  m / z  1 8 4  ( 4 5 % )  a n d  1 9 2  ( 1 6 % )  w e r e  f o u n d  b y  h i g h  r e s o l u t i o n  
m a s s  m a t c h i n g  t o  b e  C s R g 0 s  a n d  C
I 4
H
2 4  
r e s p e c t i v e l y .  T o g e t h e r  t h e y  r e p r e s e n t  
t h e  f u l l  c o m p l e m e n t  o f  t h e  m o l e c u l a r  f o r m u l a  C : n H 3 2 0 S .  
T h e  f r a g m e n t  m / z  1 8 4  w h i c h  c o n t a i n s  a l l  t h e  o x y g e n s  c o r r e s p o n d s  t o  
t h a t  o f  p a r t i a l  s t r u c t u r e  ( H ) .  T h i s  t h e n  f u r t h e r  f r a g m e n t e d  w i t h  t h e  l o s s  
o f  k e t e n e  ( 4 2  d a l t o n s )  t o  g i v e  a  p e a k  a t  m / z  1 4 2 .  
T h e  r e m a i n i n g  m o i e t y  o f  t h e  m~lecular f o r m u l a ,  o n c e  p a r t i a l  s t r u c t u r e  
( H )  w a s  e s t a b l i s h e d ,  w a s  C
I 4
H
2 4  
( m / z  1 9 2 ) .  
2 6  
A n a l y s i s  o f  t h e  r e m a i n i n g  f e a t u r e s  o f  t h e  l H  n . m . r .  s p e c t r u m  i n  b o t h  
C D C 1
3  
( F i g  4 )  a n d  C 6 D 6  ( F i g  5 )  t o g e t h e r  w i t h  t h e  D C  n . m . r .  s p e c t r u m  l e a d s  
t o  t h e  e l u c i d a t i o n  o f  t h e  C
I 4
H
2 4  
f r a g m e n t  a s  p a r t i a l  s t r u c t u r e  ( 1 ) .  
( I )  
( l )  ,  
m l z  1 7 7  
G ·  
T h e  l H  n . m . r .  s p e c t r u m  ( C D C 1
3
)  s h o w e d  f o u r  m e t h y l  g r o u p s  a t t a c h e d  t o  
"  
q u a t e r n a r y  c a r b o n s :  t w o  s i n g l e t s  a t  6  0 . 8 5  a n d  0 . 8 7  a n d  t w o  f i n e  d o u b l e t s  
~ 
a t  6  1 . 2 1  ( J  0 . 8 5  H z )  a n d  1 . 4 2  ( J  0 . 7  H z ) .  T h i s  w a s  a l s o  s u b s t a n t i a t e d  b y  
t h e  D C  n . m . r .  s p e c t r u m  w h i c h  c o n t a i n e d  t h r e e  s i n g l e t s  ( 6  3 3 . 2 ,  3 8 . 6  a n d  
4 5 . 9 )  a n d  f o u r  q u a r t e t s  ( 6  1 7 . 4 ,  2 1 . 6 ,  2 1 . 7  a n d  3 3 . 5 ) .  
T h e  r e m a i n i n g  s i g n a l s  i n  t h e  l H  n . m . r .  s p e c t r u m  ( 6  0 . 7 5  - 2 . 0 0 ,  1 2  X  
H )  w e r e  p a r t  o f  a n  a l i p h a t i c  s y s t e m .  F r o m  t h e  D C  n . m . r .  s p e c t r u m  t h e y  
c o n s t i t u t e d  f i v e  m e t h y l e n e  ( 6  1 8 . 0 ,  1 8 . 4 ,  3 5 . 4 ,  3 9 . 2  a n d  4 1 . 5 )  a n d  t w o  
m e t h i n e  ( 6  5 3 . 2  a n d  5 6 . 6 )  r e s o n a n c e s .  
O n e  o f  t h e  m e t h i n e  g r o u p s  ( 6
H  
1 . 6 9 )  h a s  a l r e a d y  b e e n  a s s i g n e d  a s  t h e  
a l i p h a t i c  p r o t o n  ~ t o  t h e  a c e t o x y  g r o u p  i n  ( H ) ;  t h i s  t h e r e f o r e  l e a v e s  
e l e v e n  u n a s s i g n e d  p r o t o n s  ( f i v e  m e t h y 1 e n e s  a n d  o n e  m e t h i n e ) .  
F o u r  o f  t h e  e l e v e n  a 1 i p h a t i c  r e s o n a n c e s  i n  t h e  l H  n . m . r .  s p e c t r u m  w e r e  
i s o l a t e d  s y s t e m s  ( 6  0 . 7 9 ,  1 . 0 0 ,  1 . 1 3  a n d  1 . 9 7 ) .  T h e  A  r i n g  i n  p a r t i a l  
s t r u c t u r e  ( 1 )  w a s  s u g g e s t e d  b y  t w o  o f  t h e s e  r e s o n a n c e s ,  6  1 . 0 0  ( d d d  J  1 3 ,  
1 3 ,  4  H z )  a n d  1 . 1 3  ( d d d ,  J  1 3 ,  1 3 ,  4  H z )  w h i c h  w e r e ,  f r o m  t h e i r  
m U l t i p l i c i t y  a n d  m a g n i t u d e  o f  t h e  c o u p l i n g ,  r e m i n i s c e n t  o f  H 1 a  a n d  3 a  
p r o t o n s  i n  t h e  a p l y r o s e o 1  s e r i e s  o f  c o m p o u n d s  ( 3 0 ) - ( 3 4 ) :  a  J  1 3  H z  g e m i n a l  
c o u p l i n g ,  a  J  1 3  H z  trang~iaxial c o u p l i n g  a n d  a  J  4  H z  a x i a l - e q u a t o r i a l  
c o u p l i n g .  
27 
The B ring of partial structure (I) was suggested upon analysis of the 
lH n.m.r. spectrum obtained in benzene (C6D6). 
In the lH n.m.r. spectrum obtained in chloroform (CDC13) the resonance 
at 6 0.79 was clearly a doublet of doublets (J 11.4, 2.2 Hz). The absence 
of three or more couplings indicated it as a methine attached to a 
methylene. Unfortunately however the resonances pertaining to the prot
ons 
of this methylene were obscured by other aliphatic resonances. 
When the lH n.m.r. spectrum was obtained in benzene (C6~' Fig 2), 
further dispersion of the aliphatic resonances was obtained. 
Decoupling of the methine at 6 0.37 (6 0.79 in CDC13) demonstrated it 
clearly to be coupled to a slightly second order methylene proton at 6· 
1.51 having four couplings: one geminal, two trans-diaxial and an 
axial-equatorial. This in turn was shown, by decoupling experiments, to
 
be coupled to a proton resonating as a multiplet at 6 1.96 by a small (= J 
4 Hz) coupling. This mUltiplet also has one large coupling indicating it 
was geminally coupled and part of a methylene group. 
Therefore, from the n.m.r. data presented above, together with the 
observation of a further fragmentation ion in the mass spectrum at m/z 1
77 
(CDH~) attributable to ion (J), established the ~4H~ moiety as partial 
structure (I). 
To account for the data presented above the full structure of 
aplypallidenone without stereochemistry was settled as (K). The numbering 
system shown (as are the ring letters) being based upon that of pallidane 
(25). 
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F r a g m e n t a t i o n  P a t t e r n  o f  A p 1 y p a 1 1 i d e n o n e  ( 2 1 ) .  
F r a g m e n t s  D e t e r m i n e d  b y  H i g h  R e s o l u t i o n  
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S c h e m e  5  
2 9  
T h e  e . i . m . s . ,  g i v i n g  p e a k s  m / z  1 9 2  a n d  1 8 6  m a y  n o w  b e  e n v i s a g e d  a s  t h e  
r e s u l t  o f  a  r e v e r s e  D i e l s - A l d e r  f r a g m e n t a t i o n  a s  s h o w n  i n  s c h e m e  5  .  
. c ; : :  
( 1 )  2 D - C O S Y  S p e c t r u m  
A  p r o t o n - p r o t o n  t w o  d i m e n s i o n a l  c o r r e l a t e d  s p e c t r u m  ( 2 D - C O S Y )  o f  
a p l y p a l l i d e n o n e  ( F i g  6 )  w a s  r e c o r d e d ,  a l l o w i n g  t h e  a s s i g n m e n t  o f  a l l  
p r o t o n s  t o  b e  e s t a b l i s h e d  t h r o u g h  t h e  c o u p l i n g  c o n n e c t i v i t i e s  b e t w e e n  
p r o t o n s .  
T h e  2 D - C O S Y  s p e c t r u m  c o n f i r m e d  t h e  c o n n e c t i v i t i e s  a l r e a d y  e s t a b l i s h e d  
b y  d e c o u p l i n g  e x p e r i m e n t s  i n  t h e  l D  s p e c t r u m .  I n  a d d i t i o n  t h e  2 D - C O S Y  
s p e c t r u m  t o g e t h e r  w i t h  n . O . e .  e x p e r i m e n t s  ( T a b l e  2 )  e n a b l e d  t h e  
c o n n e c t i v i t i e s  a n d  c h e m i c a l  s h i f t s  o f  a l l  t h e  p r o t o n s  i n  t h e  A  a n d  B  
r i n g s ,  a s  w e l l  a s  s o m e  s m a l l  l o n g  r a n g e  c o n n e c t i v i t i e s  t o  b e  d e t e r m i n e d .  
T h e  2 n - C O S Y  s p e c t r u m  w a s  o b t a i n e d  b y  t h e  m e t h o d  o f  B a x  a n d  Freema~ 
w i t h  a  9 0 · - t , - 4 5 ·  p u l s e  s e q u e n c e  ( C O S Y - 4 5 ) .  
I n  t h e  C O S Y - 4 5  e x p e r i m e n t  t h e  f i n a l  4 5 ·  p u l s e  h a s  t h e  e f f e c t  o f  
o r i e n t a t i n g  c r o s s  p e a k s  o f  c o u p l i n g s  o f  n e g a t i v e  s i g n  ( 2 J
H
_
H  
a n d  4 J
H
_
H
)  
p a r a l l e l  t o  t h e  4 5 ·  a x i s  ( n e g a t i v e  s l o p e )  w h i l e  c o u p l i n g s  o f  p o s i t i v e  s i g n  
3 J
H
_
H  
a r e  o r t h o g o n a l  t o  t h e  4 5 ·  a x i s  ( p o s i t i v e  s l o p e ) .  H e n c e ,  b y  
i n s p e c t i o n  o f  t h e  2 D - C O S Y  s p e c t r u m  f o r  t h e  s l o p e  o f  t h e  c r o s s  p e a k  i t  i s  
o f t e n  p o s s i b l e  t o  d e t e r m i n e  t h e  r e l a t i v e  s i g n  o f  t h e  c o u p l i n g  c o n s t a n t  
( n e g a t i v e  f o r  g e m i n a l ,  p o s i t i v e  f o r  v i c i n a l  c o u p l i n g ) .  
A n  e x p a n s i o n  o f  t h e  a l i p h a t i c  p r o t o n  e n v e l o p e  i s  s h o w n  i n  F i g  6 .  
W h e r e a s  i n  t h e  I D  ' H  n . m . r .  s p e c t r u m  t h e  v i c i n a l  m e t h y l e n e  p r o t o n s ,  a s  
w e l l  a s  t h e  g e m i n a l  p r o t o n s ,  f o r  b o t h  H l a  a n d  3 a  w e r e  o b s c u r e d  b y  o t h e r  
a l i p h a t i c  p r o t o n s ,  i n  t h e  2 D - C O S Y  s p e c t r u m  i t  w a s  c l e a r l y  v i s i b l e  t h a t  
b o t h  H l a  a n d  3 a  w e r e  m u t u a l  I v  c o u p l e d  t o  t w o  v i c i n a l  p r o t o n s  ( 6  1 . 4 8 ,  H 2 a ;  
1 . 6 2 ,  H2~). 
3 0  
O t h e r  c o n n e c t i v i t i e s  w h i c h  w e r e  o b s e r v e d  f o r  H l a  a n d  3 a  w e r e  t w o  
g e m i n a l  p r o t o n s  ( 6  1 . 4 1  a n d  1 . 6 5 ) .  U s i n g  n . O . e .  e x p e r i m e n t s ,  t h e  
a s s i g n m e n t s  o f  l a ,  l~, 3 a ,  a n d  3~ w e r e  p o s s i b l e :  i r r a d i a t i o n  ~f H l l  g a v e  
~. 
n . O . e . ' s  t o  b o t h  H l a  ( 6  1 . 0 0 )  a n d  l~ ( 6  1 . 6 5 )  w h i l e  i r r a d i a t i o n  o f  1 9 M e  
g a v e  n . O . e . ' s  t o  b o t h  H 3 a  ( 6  1 . 1 3 )  a n d  3~ ( 6  1 . 4 1 ) .  
A l s o  e v i d e n t  f r o m  t h e  2 D - C O S Y  s p e c t r u m  w a s  H 5 a  ( 6  0 . 7 9 )  p o s s e s s i n g  t w o  
v i c i n a l  c o u p l i n g s  t o  H6~ ( 6  1 . 5 1 )  a n d  6 a  ( 6  1 . 7 1 )  w h i c h  w e r e  c o u p l e d  t o  
e a c h  o t h e r .  
I n  a d d i t i o n  H7~ ( 6  1 . 9 7 )  a l s o  s h o w e d  c o n n e c t i v i t i e s  t o  H 6 a  a n d  6~ a s  
w e l l  a s  t o  H 7 a  ( 6  1 . 5 S ) .  T h e  c l o s e  p r o x i m i t y  o f  t h e  t w o  a x i a l l y  d i s p o s e d  
p r o t o n s ,  H 7 a  a n d  H6~, r e s u l t  i n  p r o d u c i n g  t h e  s e c o n d  o r d e r  p a t t e r n  i n  H7~ 
i n v o k e d  b y  v i r t u a l  c o u p l i n g .  
F i n a l l y ,  t w o  l o n g  r a n g e  c o n n e c t i v i t i e s  a r e  a l s o  d i s c e r n i b l e .  T h e  ' W O  
c o u p l i n g  c o n n e c t i v i t y  b e t w e e n  H 9  a n d  t h e  t w o  m e t h y l  g r o u p s  1 6 M e  ( 6  1 . 4 2 ,  J  
0 . 7  H z )  a n d  1 7 M e  ( 6  1 . 2 1 ,  J  0 . S 5  H z )  a r e  c l e a r l y  v i s i b l e .  T h i s · i m p l i e s  
t h e  t w o  m e t h y l  g r o u p s  1 6  a n d  1 7  a r e  p o s i t i o n e d  t r a n s  w i t h  r e s p e c t  t o  H 9  
a c r o s s  t h e  C S - C 9  a n d  C 1 0 - C 9  b o n d  r e s p e c t i v e l y .  T h e r e f o r e  b y  c o n v e n t i o n  H 9  
i s  i n  t h e  a - f a c e  w h i l e  t h e  m e t h y l  g r o u p s  a r e  i n  t h e  ~-face. 
( 1 1 )  R e l a t i v e  S t e r e o c h e m i s t r y  
A p l y p a l l i d e n o n e  c o n t a i n s  f i v e  c h i r a l  c a r b o n s .  T h e  r e l a t i v e  
s t e r e o c h e m i s t r y  o f  t h e s e  s i t e s  w a s  d e t e r m i n e d  b y  n u c l e a r  O v e r h a u s e r  
e n h a n c e m e n t  ( n . O . e . )  e x p e r i m e n t s  ( T a b l e  2 ) .  T h e  r e s u l t a n t  e n h a n c e m e n t s  
w e r e  a n a l y s e d  w i t h  t h e  h e l p  o f  m o l e c u l a r  m o d e l s .  
A s  a l r e a d y  s t a t e d ,  t h e  s m a l l  l o n g  r a n g e  ' W '  c o u p l i n g  b e t w e e n  H 9 a  a n d  
t h e  t w o  m e t h y l  g r o u p s ,  1 6 M e  a n d  1 7 M e ,  i m p l i e s  H 9  a n d  t h e  t w o  m e t h y l  g r o u p s  
a r e  ~n o p p o s i t e  f a c e s  o f  t h e  m o l e c u l e :  H 9  i n  t h e  a - f a c e  ( H 9 a )  a n d  t h e  t w o  
m e t h y l  g r o u p s  i n  t h e  ~-face. 
3 1  
F u r t h e r m o r e  n . D . e .  i r r a d i a t i o n  a t  t h e  1 6 M e  e n h a n c e d  t h e  1 7 M e  a s  w e l l  
a s  H7~ ( 6  1 . 9 7 ) .  F u r t h e r  n . D . e .  i r r a d i a t i o n  o f  t h e  1 7 M e  s h o w e d  t h e  
r e c i p r o c a l  e n h a n c e m e n t  i n  1 6 M e  a n d  a s  w e l l  s h o w e d  t h e  c h e m i c a l  s h i f t  o f  
,  
t h e  a x i a l  l 8 M e  t o  b e  6  0 . 8 5 .  
U p o n  i r r a d i a t i o n  o f  H 1 2 ,  a  n . D . e .  e n h a n c e m e n t  w a s  o b s e r v e d  i n  H l l ;  
w h e n  H l l  w a s  i r r a d i a t e d  i t  g a v e  t h e  r e c i p r o c a l  e n h a n c e m e n t  i n  H 1 2  a s  w e l l  
a s  e n h a n c i n g  H 9 a ,  H l a  a n d  Hl~. E n h a n c e m e n t s  o b s e r v e d  i n  t h e  l a t e r  t h r e e  
p r o t o n s  i n d i c a t e d  H l l  w a s  a l s o  a  d i s p o s e d  ( H l l a ) .  F i n a l l y  i r r a d i a t i o n  o f  
H s a  c o n f i r m e d ,  w i t h  e n h a n c e m e n t  a t  H l a ,  H 3 a  a n d  H 9 a ,  t h a t  t h e y  a r e  a l l  
c l o s e  i n  s p a c e  a n d  t h e r e f o r e  a  d i s p o s e d .  
T h e r e f o r e  t h e  f i n a l  s t r u c t u r e  o f  a p l y p a l l i d e n o n e  w i t h  r e l a t i v e  
s t e r e o c h e m i s t r y  w a s  s e t t l e d  a s  ( 2 1 ) .  T h e  a b s o l u t e  s t e r e o c h e m i s t r y  i s  
p r o b a b l y  t h a t  d e p i c t e d  i n  s t r u c t u r e  ( 2 1 )  o n  t h e  b a s i s  o f  b i o g e n e t i c  
a r g u m e n t s  ( S e c t i o n  1 . 2 . 4 ) .  
T o  r e s o l v e  a n y  d o u b t s  o f  t h e  s t r u c t u r e  a n d  r e l a t i v e  s t e r o c h e m i s t r y ,  a  
s i n g l e  c r y s t a l  X - r a y  a n a l y s i s  o f  a p l y p a l l i d e n o n e  w a s  c a r r i e d  o u t .  T h e  
a n a l y s i s  v a l i d a t e d  t h e  s t r u c t u r e  o f  ( 2 1 ) ,  p r o p o s e d  b y  s p e c t r o s c o p i c  
a r g u m e n t s  ( A p p e n d i x  1 ) .  
f g ·  I~ ( 2 1 )  
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T a b l e  2 .  i H J H  n u c l e a r  O v e r h a u s e r  e n h a n c e m e n t s  i n  
a p l y p a l l i d e n o n e  ( 2 1 )  
I H  i r r a d i a t e d  S i g n a l s  e n h a n c e d  ( % )  
1 6 M e  H7~ ( 1 . 1 ) ,  1 7 M e ( 3 . 1 ) .  
1 7 M e  
1 6 M e ( 2 . 0 ) ,  1 8 M e ( 2 . 6 ) .  
1 8 M e  1 7 M e ( 3 . 0 ) .  
1 9 M e  H 3 a ( 1 . 0 ) ,  H3~(1.0), 
H 6 a ( 3 . 0 ) .  
H 5 a  
H 1 a ( 2 . 9 )  ,  H 3 a ( 5 . 1 ) ,  
H 9 a ( 2 . 7 )  
H l l a  
H 1 2 ( 6 . 8 ) ,  H9a+H1~(6.9)*, 
H 1 a ( 2 . 7 ) .  
H 1 2  H l l a ( 6 . 8 ) .  
*  T h e s e  p r o t o n s  a r e  s u p e r i m p o s e d  s o  t h e  p e r c e n t a g e  
n . O . e .  i s  c o l l e c t i v e .  
( B )  A p l y p a l l i d o x o n e  
3 5  
T h e  s e c o n d  c o m p o u n d  i s o l a t e d  w a s  a p 1 y p a 1 1 i d o x o n e  ( 2 2 )  w h i c h  w a s  a  
w h i t e  c r y s t a l l i n e ,  o p t i c a l l y  a c t i v e ,  n e u t r a l  s o l i d .  T h e  e . i . m . s .  s h o w e d  a  
w e a k  m o l e c u l a r  i o n  p e a k  a t  m / z  3 9 2  « 1 % ) .  T h i s  w a s  s u p p o r t e d  b y  t h e  
c . i . m . s .  w h i c h  g a v e  a n  [ M  +  H ]  p e a k ,  m / z  3 9 3 ,  a s  t h e  b a s e  p e a k .  I n  
a d d i t i o n  t h e  f u l l y  d e c o u p 1 e d  D C  n . m . r .  s p e c t r u m  s h o w e d  2 3  s i g n a l s ;  t h e  
D c - D E P T  togeth~Y_~ith t h e  i n t e g r a t i o n  o f  t h e  p r o t o n s  i n  t h e  i H  n . m . r .  
s p e c t r u m  i n d i c a t e d  t h e  p r e s e n c e  o f  3 2  p r o t o n s .  T h e r e f o r e  f r o m  t h e  
36 
molecular formula seven units of unsaturation are again present
. 
The IH n.m. r. spectrum of both ap1ypa11idenone and aplypa11idoxone 
(Fig 7) had many similar features. For example, characteristic signals 
pertaining to the A, Band C rings of ap1ypa11idenone were also presen
t in 
ap1ypa11idoxone : H5a (0 0.77), H1a (0 0.98), H3a (0 1.12), H7~ (0 1.99) 
and H11a (0 5.89). The IH n.m.r. spectrum also showed four methyl groups 
attached to quaternary carbons: two singlets at 0 0.83 (18Me) and 0.85 
(19Me), and two fine doublets at 0 1.14 (17Me, J 0.9 Hz) and 0 1.44 (16Me, 
JO.75 Hz). 
The 1. r. spectrum showed two carbonyl absorption bands, at 1750 and Ill?! 
cm~, while in the Dc n.m.r. spectrum three carbonyl signals were present 
at 0 166.2, 169.7 and 201.9; two esters and a ketone respectively. In 
the 
IH n.m.r. spectrum, two three proton singlets at 0 2.12 and 3.82 confirm
ed 
the presence of an acetate and a methyl ester. 
The above spectral evidence therefore suggested that ap1ypa11idoxone 
was very similar to ap1ypa11idenone (21). By analogy with (21), 
ap1ypa11idoxone had partial structure (L), the relative stereochemistry 
being confirmed by n.O.e. experiments (table 3). 
o 
'CJCH, 
The u.v. spectrum showed only end absorption and the i.r. spectrum was 
absent of an olefinic absorption band. This suggested that the 
a,~-unsaturated carbonyl system present in (21) was no longer present in 
I  
•  
!  
3 7  
a p l y p a l l i d o x o n e .  
T h i s  w a s  a l s o  r e f l e c t e d  i n  t h e  D c  n . m . r .  a n d  l H  n . m . r .  
s p e c t r a  i n  w h i c h  t h e  o l e f i n i c  c a r b o n s  ( C 1 2  a n d  C 1 3 )  a n d  t h e  ~-proton ( H 1 2 )  
o f  ( 2 1 )  w e r e  a b s e n t .  
I n s t e a d  t w o  n e w  c a r b o n s  w e r e  f o u n d  a  m e t h i n e  c a r b o n  a t  6  4 7 . 1  ( C 1 2 )  
a n d  a  q u a t e r n a r y  c a r b o n  a t  6  5 5 . 8  ( C 1 3 ) .  T h e  l H  n . m . r .  s p e c t r u m  a l s o  
s h o w e d  a  n e w  s i g n a l  a t  6  3 . 5 5  ( H 1 2 )  a s  a  f i n e  d o u b l e t  ( J  2 . 5  H z )  w h i c h  
~ . .  " " ,  Y \  . . .  I  
' t '  w a s  c o u p l e d  t o  t h e  p r o t o n  / . . t o  t h e  a c e t o x y  g r o u p  ( H I l a ) .  F r o m  , I ! >  
' i l e m i o a l  
c h e m i c a l  s h i f t ,  H 1 2  i s  c o n s i s t e n t  w i t h  a  p r o t o n  also~ t o  a n  o x y g e n .  
S i n c e  t h e  m o l e c u l a r  f o r m u l a  ( C z z H 3 2 0 6 )  c o n t a i n e d  o n l y  o n e  e x t r a  o x y g e n  
t o  t h a t  o f  a p l y p a l l i d e n o n e  ( C z z H 3 2 0 S )  i t  w a s  d e d u c e d  t h a t  a n  o x i r a n e  r i n g  
m u s t  b e  p r e s e n t  a t  C 1 2  a n d  C 1 3 .  T h i s  i s  f u r t h e r  s u p p o r t e d  b y  t h e  c h e m i c a l  
s h i f t s  o f  C 1 2  ( 6  4 7 . 1 )  a n d  C 1 3  ( 6  5 5 . 8 ) .  T h u s  a p l y p a l l i d o x o n e ,  w i t h o u t  
s t e r e o c h e m i s t r y  a t  C 1 2  a n d  C 1 3 ,  w a s  s e t t l e d  a s  ( M ) .  
O C H .  
( M )  
D u e  t o  t h e  s m a l l  c o u p l i n g  o f  J  2 . 5  H z  b e t w e e n  H 1 2  a n d  e q u a t o r i a l  H I l a  
i t  w a s  n o t  p o s s i b l e  t o  d i s t i n g u i s h ,  b y  c o u p l i n g  c o n s t a n t s  w h e t h e r  H 1 2  w a s  
a  o r  ~ f a c e  d i s p o s e d .  A  n . O . e .  e x p e r i m e n t  w i t h  i r r a d i a t i o n  o f  H 1 2  o n l y  
e n h a n c e d  H I l a ,  a n d  h e n c e ,  w a s  a l s o  i n c o n c l u s i v e .  
A  s i n g l e  c r y s t a l  X - r a y  d e t e r m i n a t i o n  o f  a p l y p a l l i d o x o n e  ( A o D e n d i x  
I ) ,  h o w e v e r  c l e a r l y  s h o w e d  t h e  e p o x i d e  o x y g e n  a s  a - d i s p o s e d  a n d  
3 8  
u n e q u i v o c a l l y  c o n f i r m e d  t h e  s t r u c t u r e  a n d  r e l a t i v e  s t e r e o c h e m i s t r y  a s  
s h o w n  i n  ( 2 2 ) .  
o  
) l o  
o  
. .  
I S  
' O - C H "  ,  
I I I  "  ( 2 2 )  
T a b l e  3 .  I H - I H  n u c l e a r  O v e r h a u s e r  e n h a n c e m e n t s  i n  
a p l y p a l l i d o x o n e  ( 2 2 ) .  
l H  i r r a d i a t e d  
S i g n a l  e n h a n c e d  ( % )  
l 6 M e  
l 7 M e ( 2 . 8 ) ,  H7~(l.7). 
l 7 M e  
l 6 M e ( 3 . l ) ,  l 8 M e ( 2 . 3 ) .  
l 8 M e  
1 7 M e ( 3 . 0 ) .  
1 9 M e  
H 3 a ( l . 6 ) ,  H3~(l.l), 
H 6 a ( 2 . 7 )  .  
H S a  
H 9 a ( l O .  7 ) .  
H l l a  
H l a ( 4 . 0 ) ,  Hl~(8.4), 
H 9 a ( 4 . 7 )  ,  Hl2~(9.7). 
Hl2~ 
H l l a ( S . S ) .  
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4 0  
( C )  A p l y p a l l i d i o n e  
A p 1 y p a 1 1 i d i o n e  ( 2 3 ) ,  a  v e r y  m i n o r  m e t a b o 1 i t e ,  w a s  i s o l a t e d  a s  a  w h i t e  
c r y s t a l l i n e  n e u t r a l  c o m p o u n d .  H i g h  r e s o l u t i o n  m a s s  m a t c h i n g  o f  t h e  
m o l e c u l a r  i o n  p e a k  m / z  3 4 8 ,  i n d i c a t e d  a  m o l e c u l a r  f o r m u l a  C w H z s 0 s .  T h i s  
w a s  f u r t h e r  s u b s t a n t i a t e d  b y  t h e  n C  n . m . r .  a n d  I H  n . m . r .  s p e c t r a  w h i c h  
s h o w e d  2 0  c a r b o n s  a n d  2 8  p r o t o n s  r e s p e c t i v e l y .  
T h e  I H  n . m . r .  s p e c t r u m  o f  a p 1 y p a l l i d i o n e  ( F i g  8 )  s h o w e d  m a n y  
s i m i l a r i t i e s  w i t h  t h o s e  o f  a p l y p a l 1 i d e n o n e  ( 2 1 )  a n d  a p l y p a l l i d o x o n e  ( 2 2 )  
i n c l u d i n g  t h e  c h a r a c t e r i s t i c  s i g n a l s  a s s o c i a t e d  w i t h  t h e  A  a n d  B r i n g s  
[ H s o  ( 6  0 . 7 1 ) ,  H l o  ( 0 . 7 8 ) ,  H 3 0  ( 6  1 . 1 3 )  a n d  H7~ ( 6  1 . 9 6 )  t h e  c h e m i c a l  
s h i f t  o f  w h i c h  i n d i c a t e d  t h e  p r e s e n c e  o f  t h e  C 1 4  k e t o n e )  a n d  t h e  m e t h y l  
e s t e r  g r o u p  ( a  t h r e e  p r o t o n  s i n g l e t  a t  6  3 . 8 4 ) .  
H o w e v e r  t h e  s i g n a l  a s s o c i a t e d  w i t h  t h e  a c e t a t e  g r o u p  i n  ( 2 1 )  a n d  ( 2 2 )  
w a s  a b s e n t  i n  a p l y p a l l i d i o n e .  
T h e  I H  n . m . r .  s p e c t r u m  a l s o  s h o w e d  s i g n a l s  f o r  f o u r  q u a t e r n a r y  m e t h y l  
g r o u p s ,  t w o  s i n g l e t s  a t  6  0 . 8 3  a n d  0 . 8 6  a n d  t w o  f i n e  d o u b l e t s  a t  6  1 . 2 3  ( J  
0 . 8  H z )  a n d  1 . 2 6  ( J  0 . 9  H z ) .  H e n c e  p a r t i a l  s t r u c t u r e  ( N )  w a s  " i n d i c a t e d .  
o  
T h e  i . r .  s p e c t r u m  s h o w e d  t w o  c a r b o n y l  a b s o r p t i o n  b a n d s  a t  1 7 5 8  a n d  
1 7 2 0  c m -
1  
w h i c h ,  t o g e t h e r  w i t h  t h r e e  c a r b o n y l  s i g n a l s  i n  t h e  n C  n . m . r .  
s p e c t r u m  a t  6  1 6 4 . 3 ,  1 9 9 . 4  p n d  2 0 2 . 3 ,  i n d i c a t e d  t h e  p r e s e n c e  o f  t h r e e  
c a r b o n y l  f u n c t i o n s :  a n  e s t e r  ( m e t h y l  e s t e r )  a n d  t w o  k e t o n e s  r e s p e c t i v e l y .  
4 1  
T w o  o f  t h e s e  c a r b o n y l s  h a v e  a l r e a d y  b e e n  e s t a b l i s h e d  a s  t h e  m e t h y l  
e s t e r  a n d  C 1 4  k e t o n e  i n  p a r t i a l  s t r u c t u r e  ( N ) .  T h e  a b s e n c e  o f  t h e  a c e t a t e  
a n d  t h e  p r e s e n c e  o f  a  t h i r d  n e w  k e t o n e  c a r b o n y l  suggested~ t h e  _ a c e t a t e  w a s  
r e p l a c e d  b y  a  k e t o n e  f u n c t i o n .  T h i s  w a s  f u r t h e r  s u b s t a n t i a t e d  b y  t w o  
s i n g l e t s  i n  t h e  l H  n . m . r .  s p e c t r u m ,  o n e  a t  6  2 . 7 0  a s s i g n e d  t o  H 9 a  a n d  
c o n s i s t e n t  w i t h  a  m e t h i n e  a  t o  a  c a r b o n y l .  T h e  o t h e r  a t  6  3 . 5 9  w a s  
a s s i g n e d  t o  H 1 2  a n d  w a s  c o n s i s t e n t  w i t h  a  p r o t o n  a  t o  b o t h  a n  o x y g e n  a n d  
c a r b o n y l  f u n c t i o n .  N e i t h e r  H 9 a  o r  H 1 2  s h o w e d  f u r t h e r  c o u p l i n g  t o  a n y  
o t h e r  p r o t o n s  w h i c h  c o n f i r m e d  t h e  k e t o n e  o n  C 1 1 .  
T h e  d o w n f i e 1 d  c h e m i c a l  s h i f t  o f  H1~ ( 6  2 . 0 9 )  a n d  1 7  M e  ( 6  1 . 2 3 )  a d d e d  
f u r t h e r  s u p p o r t  t o  t h e  C 1 1  k e t o n e ,  t h e  d o w n f i e l d  s h i f t  b e i n g  d u e  t o  t h e  
a n i s o t r o p i c  d e s h i e 1 d i n g  b y  t h e  C l 1  k e t o n e  g r o u p .  
H e n c e  f o u r  o f  t h e  f i v e  o x y g e n s  w e r e  a s s i g n e d  t o  t h e  m e t h y l  e s t e r  a n d  
t h e  t w o  k e t o n e s .  T h e  r e m a i n i n g  o x y g e n ,  a l r e a d y  s h o w n  t o  b e  a t t a c h e d  t o  
C 1 2 ,  w a s  t h e r e f o r e  a s s i g n e d  t o  a n  o x i r a n e  r i n g  r e m i n i s c e n t  o f  
a p l y p a l 1 i d o x o n e  ( 2 2 ) .  T h e  r e l a t i v e  s t e r e o c h e m i s t r y  o f  t h e  o x i r a n e  o x y g e n  
i n t o  t h e  a - f a c e  i s  b a s e d  o n  t h a t  o f  a p l y p a 1 1 i d o x o n e w h i c h  w a s  s h o w n  t o  b e  
a - d i s p o s e d  b y  X - r a y  c r y s t a l l o g r a p h y .  H e n c e  t h e  f i n a l  s t r u c t u r e  o f  
a p l y p a 1 1 i d i o n e  w a s  s e t t l e d  a s  ( 2 3 ) .  
o  
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4 3  
( D )  A p l y p a l l i d i o x o n e  
A p l y p a l l i d i o x o n e  ( 2 4 ) ,  t h e  s e c o n d  m i n o r  m e t a b o l i t e ,  w a s - i~olated a s  a  
w h i t e  c r y s t a l l i n e  n e u t r a l  c o m p o u n d .  T h e  e . i . m . s .  g a v e  o n l y  a  v e r y  w e a k  
m o l e c u l a r  i o n  p e a k  a t  m / z  4 0 6  « 1 % ) .  T h e  f i r s t  m a j o r  f r a g m e n t  i o n s  w e r e  
a t  m / z  3 6 4 ,  3 4 6  a n d  3 3 6  w h i c h  c o r r e s p o n d  t o  t h e  l o s s ,  f r o m  t h e  m o l e c u l a r  
i o n ,  o f  k e t e n e  ( 4 2  d s l t o n s ) ,  a c e t i c  a c i d  ( 6 0  d s l t o n s )  a n d  t h e  i n i t i a l  l o s s  
o f  k e t e n e  f o l l o w e d  b y  c a r b o n  m o n o x i d e  ( 4 2  +  2 8  d a l t o n s )  r e s p e c t i v e l y .  T h e  
m o l e c u l a r  f o r m u l a ,  CnH~C7, w a s  c o n f i r m e d  b y  h i g h  r e s o l u t i o n  m a s s  m a t c h i n g  
o f  t h e  m / z  3 6 4  ( C
2 0
H
2 8
0
6
) ,  3 4 6  ( C
2 0
H
2 6
0
S
)  a n d  3 3 6  ( C I g l i 2 8 0 S )  p e a k s .  I n  
a d d i t i o n  t h e  f u l l y  d e c o u p l e d  D C  n . m . r .  s p e c t r u m  s h o w e d  2 2  s i g n a l s  ( s i x  
m e t h y l s ,  f i v e  m e t h y l e n e s ,  t w o  m e t h i n e s  a n d  n i n e  q u a t e r n a r y  s i g n a l s ,  b y  
D E P T )  a n d  t h e  I H  n . m . r .  s p e c t r u m  ( F i g .  9 )  i n d i c a t e d  t h e  p r e s e n c e  o f  3 0  
p r o t o n s .  F r o m  t h e  m o l e c u l a r  f o r m u l a  e i g h t  u n i t s  o f  u n s a t u r a t i o n  w e r e  
i n d i c a t e d .  
T h e  i . r .  s p e c t r u m  s h o w e d  t w o  c a r b o n y l  a b s o r p t i o n s  a t  1 7 4 4  ( b r o a d )  a n d  
1 6 9 3  c m - I ,  t o g e t h e r  w i t h  t h r e e  s i g n a l s  i n  t h e  c a r b o n y l  r e g i o n  o f  t h e  D C  
n . m . r .  s p e c t r u m  a t  6  1 6 3 . 9 ,  1 6 6 . 2  a n d  2 0 1 . 6  i n d i c a t e d  t h e  p r e s e n c e  o f  t w o  
e s t e r s  a n d  a  k e t o n e  r e s p e c t i v e l y .  T h e  u . v .  s p e c t r u m  w a s  f e a t u r e l e s s  a b o v e  
2 0 0  n m .  I n  t h e  I H  n . m . r .  s p e c t r u m  t w o ,  t h r e e - p r o t o n  s i n g l e t s  a t  6  2 . 2 5  
a n d  3 . 8 8  s u b s t a n t i a t e d  t h e  e s t e r  f u n c t i o n s  a s  a n  a c e t a t e  ( 6
c  
1 6 6 . 2 )  a n d  
m e t h y l  e s t e r  ( 6
c  
1 6 3 . 9 )  r e s p e c t i v e l y .  
I H  n . m . r .  s p e c t r u m  a l s o  s h o w e d  f o u r  q u a r t e r n a r y  m e t h y l  g r o u p s ;  t w o  
s i n g l e t s  a t  6  0 . 8 6  ( 1 8 M e )  a n d  6  0 . 8 9  ( 1 9 M e ) ,  a n d  t w o  f i n e  d o u b l e t s  a t  6  
1 . 2 8  ( 1 7 M e ;  J  0 . 8  H z )  a n d  6  1 . 3 7  ( 1 6 M e ;  J  0 . 8  H z )  a n d  h e n c e  b y  a n a l o g y  
w i t h  t h e  p r e v i o u s l y  i s o l a t e d  m e t a b o l i t e s ,  ( 2 1 ) - ( 2 3 ) ,  a p l y p a l l i d i o x o n e  
c o n t a i n e d  p a r t i a l  s t r u c t u r e  ( L )  
T h e  a b s e n c e  o f  a  s i g n a l  a s s o c i a t e d  w i t h  a  p r o t o n  Q  t o  a n  a c e t a t e  [ 6  
5 . 8 3  i n  ( 2 1 )  a n d  5 . 8 9  i n  ( 2 2 ) ]  a n d  w i t h  t h e  p r e s e n c e  o f  t w o  o l e f i n i c  
4 4  
s i g n a l s  i n  t h e  B C  n . m . r .  s p e c t r u m ,  a  q u a t e r n a r y  c a r b o n  a t  0  1 5 6 . 2  ( C l l )  
a n d  a  m e t h i n e  c a r b o n  a t  0  1 1 0 . 4  ( C 1 2 ) ,  w h i c h  c o u l d  b e  a s s o c i a t e d  w i t h  a  
s h a r p  s i n g l e t  i n  t h e  I H  n . m . r .  s p e c t r u m  a t  0  6 . 6 4  ( H 1 2 )  ,  i n d i c a t e d  t h e  
a c e t a t e  w a s  p a r t  o f  a n  e n o l  a c e t a t e  s y s t e m ,  t h e  o l e f i n i c  g r o u p  b e i n g  
s i t u a t e d  b e t w e e n  C l l  a n d  C 1 2 .  
o  
O C H "  
P a r t i a l  s t r u c t u r e  ( L )  t o g e t h e r  w i t h  t h e  o l e f i n i c  f u n c t i o n s  a c c o u n t e d  
f o r  f i v e  o f  t h e  s e v e n  o x y g e n s  a n d  s e v e n  o f  t h e  e i g h t  u n i t s  o f  
u n s a t u r a t i o n .  S i n c e  o n l y  o n e  m e t h i n e  r e m a i n e d  t o  b e  a s s i g n e d ,  a n d  a s  
t h e r e  w e r e  n o  a l l y l i c  o n e - p r o t o n  s i n g l e t s  i n  t h e  I H  n . m . r .  s p e c t r u m  
i n d i c a t i n g  H 9 a ,  t h e  r e m a i n i n g  t w o  o x y g e n s  w e r e  t h e r e f o r e  p r e s e n t  a s  a  
p e r o x i d e  l i n k a g e  b e t w e e n  C 9  a n d  C 1 3 :  t h e  r e m a i n i n g  m e t h i n e  b e i n g  a s s i g n e d  
t o  C S .  T h e  p e r o x i d e  f u n c t i o n  a l s o  a c c o u n t e d  f o r  t h e  f i n a l  u n i t  o f  
u n s a t u r a t i o n .  
T h e  2 D - C O S Y  s p e c t r u m  ( F i g  1 0 )  c o m b i n e d  w i t h  n . O . e .  e x p e r i m e n t s  ( T a b l e  
4 )  a l l o w e d  t h e  c h e m i c a l  s h i f t s  o f  a l l  p r o t o n s  t o  b e  d e t e r m i n e d  a s  w e l l  a s  
c o n f i r m i n g  t h e  p r o p o s e d  s t r u c t u r e  a n d  r e l a t i v e  s t e r e o c h e m i s t r y .  
I n  t h e  I D  I H  n . m . r .  s p e c t r u m  ( F i g  9 ) ,  t h r e e  o f  t h e  e l e v e n  a l i p h a t i c  
r i n g  p r o t o n s  ( A  a n d  B  r i n g  p r o t o n s )  r e s o n a t e d  a s  i s o l a t e d  s y s t e m s .  T w o  o f  
t h e s e  r e s o n a n c e s  a t  0  1 . 2 2  ( d d d ,  J  1 3 . 4 ,  1 3 . 4 ,  4 . 2  H z )  a n d  0  1 . 3 6  ( d d d d ,  J  
1 3 . 4 ,  3 . 4 ,  3 . 4 ,  1 . 6  H z )  w e r e  a s s i g n e d  t o  H 3 a  a n d  H3~ r e s p e c t i v e l y  ( b a s e d  
o n  t h e i r  m u l t i p l i c i t i e s  a n d  m a g n i t u d e  o f  c o u p l i n g s ) .  T h e  a s s i g n m e n t s  w e r e  
4 5  
f u r t h e r  c o n f i r m e d  b y  t h e  2 0 - C O S Y  s p e c t r u m ,  w h i c h  s h o w e d  t h e s e  t w o  t o  b e  
g e m i n a l l y  c o u p l e d ,  a n d  f r o m  n . O . e .  e x p e r i m e n t s  i n  w h i c h  a n  e n h a n c e m e n t  w a s  
o b s e r v e d  i n  H 3 a  u p o n  i r r a d i a t i o n  o f  1 9 M e  ( 6  0 . 8 9 ) .  T h e  2 0  CO~Y s p e c t r u m  
s h o w e d  c l e a r  c o u p l i n g s  t o  H 2 a  ( 6  1 . 4 7 ) ,  H2~ ( 6  1 . 6 7 )  a s  w e l l  a s  a  l o n g  
r a n g e  ' W '  c o u p l i n g  f r o m  H3~ t o  Hl~ ( 6  1 . 7 2 ) .  F u r t h e r  e x a m i n a t i o n  o f  
c o u p l i n g s  f r o m  H I P ,  H2~ a n d  H 2 a  t h e n  r e v e a l e d  H l a  a t  6  1 . 8 3 .  
A l s o  s h o w i n g  n . O . e .  e n h a n c e m e n t s  u p o n  i r r a d i a t i o n  o f  1 9 M e  w e r e  t w o  
f u r t h e r  r e s o n a n c e s ,  a  b r o a d  d o u b l e t  a t  6  1 . 7 0  ( J  1 2 . 6  H z )  a n d  a  d o u b l e t  o f  
d o u b l e t s  a t  6  1 . 7 8  ( J  1 2 . 8 ,  2 . 6  H z ) .  T h e s e  w e r e  s h o w n ,  b y  t h e  2 0 - C O S Y  
s p e c t r u m ,  t o  b e  v i c i n a l l y  c o u p l e d  a n d  h e n c e  w e r e  a s s i g n e d  t o  H G a  ( 6  1 . 7 0 )  
a n d  H 5 a  ( 6  1 . 7 8 ) .  T h e  2 0 - C O S Y  s p e c t r u m  a l s o  s h o w e d  c l e a r  c o u p l i n g s  t o  H6~ 
( 6  1 . 5 2 )  a n d  H 7 P  ( 6  1 . 8 1 )  b o t h  o f  w h i c h  s h o w e d  f u r t h e r  m u t u a l  c o u p l i n g  t o  
t h e  r e m a i n i n g  i s o l a t e d  s y s t e m  a t  6  1 . 9 5  ( H 7 a ) .  T h i s  t h e r e f o r e  a l s o  
c o n f i r m e d  t h e  o x i d a t i o n  o c c u r i n g  o n  t h e  C 9  c a r b o n .  A d d i t i o n a l l y ,  t h e  
c h e m i c a l  s h i f t s  o f  t h e  t h r e e  a x i a l l y  d i s p o s e d  p r o t o n s ,  H l a  ( 6  1 ; 8 3 ) ,  H S a  
( 6  1 . 7 8 )  a n d  H 7 a  ( 6  1 . 9 5 )  c o n f i r m e d  t h e  p e r o x i d e  f u n c t i o n  w a s  a l s o  
a - d i s p o s e d .  F r o m  t h e  m o l e c u l a r  m o d e l  o f  a p l y p a l l i d i o x o n e  ( 2 4 )  t h e  C  r i n g ,  
d u e  t o  t h e  a - p e r o x i d e  b e t w e e n  C 9  a n d  C 1 3  w o u l d  b e  p r e d i c t e d  t o  e x i s t  i n  a  
b  O Q  t  c o n f o r m a t i o n  a s  s h o w n  i n  s t r u c t u r e  ( 2 4 A ) .  
o  
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T a b l e  4  
l H - 1 H  n u c l e a r  O v e r h a u s e r  e n h a n c e m e n t s  i n  
a p l y p a l l i d i o x o n e  ( 2 4 )  
l H  i r r a d i a t e d  S i g n a l s  e n h a n c e d  ( % )  
l 8 M e  ( 8  0 . 8 6 )  l 7 M e ( 2 . 0 ) ,  H3~(0.6) 
1 9 M e  ( 8  0 . 8 9 )  
H 3 a ( 1 . 4 ) ,  H 6 a ( 2 . l ) ,  
H S a l l . . : ! 2  
( E )  C h e m i c a l  R e a c t i o n s :  W h e n  t h e  u . v .  s p e c t r u m  o f  a p l y p a l l i d e n o n e  ( 2 1 )  
w a s  r e c o r d e d  i n  e t h a n o l  o n  t w o  s e p a r a t e  o c c a s i o n s ,  i t  w a s  n o t i c e d  t h a t  t h e  
t w o  a b s o r p t i o n s  o b t a i n e d  a t  ~ 2 1 7 . 6  a n d  2 4 8 . 8  n m  w e r e  a t  d i f f e r e n t  
i n t e n s i t i e s  h e n c e  i n d i c a t i n g  a  c h e m i c a l  r e a c t i o n  w a s  o c c u r i n g .  T o  
i n v e s t i g a t e  t h i s  r e a c t i v i t y  a p l y p a l l i d e n o n e  ( 2 1 )  w a s  s t i r r e d  w i t h  m e t h a n o l  
f o r  2 4  h  w h i c h ,  u p o n  r e m o v a l  o f  t h e  s o l v e n t ,  y i e l d e d  t w o  p r o d u c t s ,  a  m i n o r  
p r o d u c t  i d e n t i f i e d  a s  t h e  s t a r t i n g  m a t e r i a l  a p l y p a l l i d e n o n e  ( t . l . c .  a n d  I H  
n . m . r .  s p e c t r u m ) ,  a n d  a  m a j o r  p r o d u c t  i d e n t i f i e d  a s  t h e  e n o l  ( 2 6 )  b y  I H  
n . m . r .  s p e c t r o s c o p y .  A t t e m p t s  t o  p u r i f y  t h e  p r o d u c t  b y  c h r o m a t o g r a p h y  
u s i n g  f l a s h  s i l i c a  g e l  h o w e v e r  f a i l e d ,  w i t h  t h e  s t a r t i n g  m a t e r i a l  
a p l y p a l l i d e n o n e  b e i n g  r e c o v e r e d  a s  t h e  o n l y  m a j o r  c o m p o u n d .  T h e  e n o l  
w h e n  l e f t  s t a n d i n g ,  s l o w l y  r e v e r t e d  t o  a p l y p a l l i d e n o n e  h e n c e  s h o w i n g  t h e  
r e v e r s i b i l i t y  o f  t h e  r e a c t i o n .  
o  
~o 
. . . .  C H .  
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I n  t h e  I H  n . m . r .  s p e c t r u m  t h e  e n o l  p r o t o n  r e s o n a t e d  a s  a  s h a r p  s i n g l e t  
a t  6  1 2 . 8  d u e  t o  i n t r a m o l e c u l a r  h y d r o g e n  b o n d i n g  w i t h  t h e  C 1 5  c a r b o n y l .  
H 1 2 ,  o r i g i n a l l y  r e s o n a t i n g  a t  6  7 . 2 4  i n  a p l y p a l l i d e n o n e  ( 2 1 ) ,  a p p e a r e d  i n  
( 2 6 )  a s  a  f i n e  d o u b l e t  ( J  2 . 4  H z )  a t  6  3 . 8 2  i n d i c a t i n g  i t  t o  b e  a  t o  t h e  
m e t h o x i d e  f u n c t i o n  o b s e r v e d  a s  a  t h r e e  p r o t o n  s i n g l e t  a t  6  3 . 4 9 .  
O t h e r w i s e  t h e  r e m a i n d e r  o f  t h e  I H  n . m . r .  s p e c t r u m  w a s  s i m i l a r  t o  t h a t  o f  
a p l y p a l l i d e n o n e  w i t h  f o u r  m e t h y l  s i g n a l s  [ 6  0 . 8 3  ( 1 8 M e ) ,  0 . 8 5  ( 1 9 M e ) ,  1 . 0 3  
( 1 7 M e )  a n d  1 . 5 1  ( 1 6 M e )  t h e  a s s i g n m e n t s  c o n f i r m e d  b y  n . O . e .  e x p e r i m e n t s  
[ T a b l e  ( 5 ) 1 ,  a n  a c e t a t e  s i g n a l  a t  6  2 . 0 5  a n d  a  d o u b l e t  o f  d o u b l e t s  ( J  2 . 4 ,  
2 . 2  H z )  a t  6  5 . 5 1  ( H I l a ) .  
D e c o u p l i n g  e x p e r i m e n t s  i n  t h e  l H  n . m . r .  s p e c t r u m  c o n f i r m e d  t h e  p r o t o n  
r e s o n a t i n g  a t  6  3 . 8 2  ( J  2 . 4  H z )  a s  H 1 2 ,  a n d  r e v e a l e d  H 9 a  r e s o n a t i n g  a t  6  
1 . 6 3  ( J  2 . 2  H z )  b y  i r r a d i a t i o n  o f  H I l a  a t  6  5 . 5 1 .  
T h e  s t e r e o c h e m i s t r y  d e p i c t e d  a t  C 1 2 ,  w i t h  t h e  m e t h o x i d e  i n  t h e  o - f a c e ,  
w a s  b a s e d  o n  c h e m i c a l  a r g u m e n t s  i n  w h i c h  m e t h a n o l  a t t a c k s  i n  a  M i c h a e l  
f a s h i o n  f r o m  t h e  l e s s  s t e r i c a l l y  h i n d e r e d  o - f a c e  a u g m e n t e d  b y  a  v e r y  s m a l l  
( 0 . 4 % )  n . O . e .  m e a s u r e m e n t  i n  H 9 a  o n  i r r a d i a t i o n  o f  t h e  m e t h o x i d e  g r o u p s .  
T o  s t a b i l i z e  t h e  e n o l  a n d  p r e v e n t  i t  f r o m  r e v e r t i n g  t o  
a p l y p a l l i d e n o n e ,  w h i c h  t h e r e f o r e  w o u l d  a l s o  a l l o w  i t  t o  b e  p u r i f i e d  b y  
c h r o m a t o g r a p h y ,  t h e  e n o l - a c e t a t e  ( 2 7 )  w a s  p r e p a r e d  b y  s t i r r i n g  t h e  e n o l  
( 2 6 )  i n  a c e t i c  a n h y d r i d e / p y r i d i n e  ( 1 : 1 )  f o r  2 4  h .  T h i s  a f f o r d e d  t h e  
e n o l - a c e t a t e  i n  l o w  y i e l d  w i t h  t h e  m a j o r  p r o d u c t  b e i n g  i n  f a c t  
a p l y p a l l i d e n o n e .  H o w e v e r  b y  r e t u r n i n g  t h e  m i x t u r e  t o  m e t h a n o l  f o r  2 4  h ,  
r e m o v i n g  t h e  s o l v e n t  a n d  a g a i n  s t i r r i n g  i n  a c e t i c  a n h y d r i d e / p y r i d i n e  f o r  
2 4  h  a n d  r e p e a t i n g  t h i s  c y c l e  s e v e r a l  t i m e s  t h e  y i e l d  o f  t h e  e n o l - a c e t a t e  
( 2 7 )  w a s  i n c r e a s e d .  I t  w a s  t h e n  p u r i f i e d  b y  c o l u m n  c h r o m a t o g r a p h y  u s i n g  
f l a s h  s i l i c a  g e l .  
5 0  
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( 2 7 )  
T h e  e n o l  a c e t a t e  ( 2 7 )  w a s  i s o l a t e d  a s  a  c o l o u r l e s s ,  s t i c k y  g u m .  T h e  
h i g h e s t  p e a k s  i n  t h e  e . i . m . s .  a t  m / z  3 4 9  a n d  m / z  3 1 7  w e r e  c o n f i r m e d  b y  
h i g h  r e s o l u t i o n  m a s s  m a t c h i n g  t o  c o r r e s p o n d  t o  m o l e c u l a r  f o r m u l a s  C~H~04 
[ W  - C : z H 2 0  - C O O C H
3
]  a n d  C:zoIi2q~ [ M +  - 2  x  C : z H 2 0  - C O O C H
3
]  r e s p e c t i v e l y .  
T h e  i . r .  s p e c t r u m  s h o w e d  t w o  c a r b o n y l  a b s o r p t i o n  b a n d s  a t  1 7 6 8  a n d  1 7 3 0  
c m -
1  
a n d  a n  o l e f i n i c  a b s o r p t i o n  b a n d  a t  1 6 4 2  c m -
1  
w h i c h  t o g e t h e r  w i t h  f i v e  
q u a t e r n a r y  s i g n a l s  i n  t h e  1 3 c  n . m . r .  s p e c t r u m  a t  6  1 1 3 . 6 ,  1 6 4 . 5 ,  1 6 5 . 7 ,  
1 6 8 . 0  a n d  1 7 0 . 2  s u b s t a n t i a t e d  t h e  p r e s e n c e  o f  t h r e e  e s t e r s  a n d  t h e  
o l e f i n i c  g r o u p  o f  a n  e n o l - e s t e r  f u n c t i o n .  I n  t h e  I H  n . m . r .  s p e c t r u m  f o u r  
d o w n f i e l d  t h r e e - p r o t o n  s i n g l e t s  a t  6  2 . 0 7 ,  2 . 2 2 ,  3 . 5 0 '  a n d  3 . 7 2  c o n f i r m e d  
t h e  e s t e r  f u n c t i o n s  a s  t w o  a c e t a t e  g r o u p s  ( 6  2 . 0 7  a n d  2 . 2 2 ) ,  a  m e t h y l  
e s t e r  ( 6  3 . 7 2 )  a n d  t h e  r e m a i n i n g  m e t h y l  s i g n a l  s u b s t a n t i a t e d  t h e  p r e s e n c e  
o f  t h e  C 1 2  m e t h o x y l  g r o u p .  
A l s o  e v i d e n t  i n  t h e  I H  n . m . r .  s p e c t r u m  w e r e  f o u r  a l i p h a t i c  m e t h y l  
g r o u p s  ( 6  0 . 8 3 ,  0 . 8 4 ,  1 . 0 3  a n d  1 . 3 8 )  a n d  H I l a  r e s o n a t i n g  a s  a  d o u b l e t  o f  
d o u b l e t s  a t  6  5 . 5 4  ( J  2 . 0 ,  1 . 8  H z )  w h i c h  w a s  f o u n d  b y  d e c o u p l i n g  
e x p e r i m e n t s  i n  t h e  I H  n . m . r .  s p e c t r u m  t o  b e  m u t u a l l y  c o u p l e d  t o  H12~ a t  6  
4 . 0 3  ( J  2 . 0  H z )  a n d  H 9 a  a t  1 . 6 3  ( J  1 . 8  H z ) .  
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T a b l e  5 .  l H - l H  n u c l e a r  O v e r h a u s e r  e n h a n c e m e n t s  i n  ( 2 6 )  
l H  i r r a d i a t e d  S i g n a l  e n h a n c e d  ( % )  
l 6 M e  l 7 M e ( 3 . l )  
l 7 M e  l B M e ( 3 . 2 ) ,  l 6 M e ( 3 . 6 )  
l B M e  
l 7 M e ( 3 . 3 ) ,  H 3 P ( 1 . B )  
1 9 M e  H 3 a ( 1 . B ) ,  H 3 P ( 1 . 4 )  
O C H 3  
H 9 a ( O . 4 ) ,  H l l a ( 2 . l ) ,  
H 1 2 P ( 4 . l )  
H l l a  
H 9 a ( 4 . B ) ,  H 1 P ( 9 . 4 ) ,  
O C H 3 ( 6 . 0 ) ,  H 1 2 P ( 7 . B )  
H 1 2 P  O C H 3 ( 7 . 5 ) ,  H l l a ( 4 . 6 ) .  
( F )  B i o l o g i c a l  A c t i v i t y :  T h e  a n t i b a c t e r i a l  a n t i l e u k e m i c  a n d  a n t i v i r a l  
a c t i v i t y  o f  a p l y p a l l i d e n o n e  ( 2 1 )  a n d  a p l y p a l l i d o x o n e  ( 2 2 ) .  
5 2  
T h e  h y p o t h e s i s  a s  t o  t h e  r o l e  o f  t h e  s e c o n d a r y  m e t a b o l i t e s  i n  s p o n g e s ,  
a n d  f o r  t h a t  m a t t e r  m a n y  m a r i n e  o r g a n i s m s ,  i s  t h a t  t h e y  a r e  p r e s e n t  a s  a  
c h e m i c a l  w e a p o n  w h i c h  d e f e n d s  t h e  o r g a n i s m  f r o m  p o t e n t i a l  p r e d a t o r s .  
F r o m  p r e v i o u s  w o r k  c o m p l e t e d  i n  o u r  d e p a r t m e n t  o n  t h e  r e l a t i o n s h i p  
b e t w e e n  s p o n g e s  o f  t h e  A p l y s i l l i d a e  f a m i l y  a n d  t h e  n u d i b r a n c h s  w h i c h  f e e d  
o n  t h e m ,  K a r u s 0 3
1  
f o u n d  t h a t  C h r o m o d o r i s  t a s m a n i e n s i s  w h i c h  f e e d s  o n  t h e  
s p o n g e  A p l y s i l l a  r o s e a  c o n c e n t r a t e d  c e r t a i n  m e t a b o l i t e s  f r o m  t h e  s p o n g e  b y  
u p  t o  t e n  t i m e s  w h i l e  Poiner~ f o u n d  t h a t  C .  t h o m p s o n i  c o n c e n t r a t e d  t h e  
t w o  m a j o r  d i t e r p e n e  m e t a b o l i t e s  i n  C h e l a n a p l y s i l l a  v i o l a c e a  b y  u p  t o  t h r e e  
t i m e s .  
T o  t e s t  t h e  a n t i f e e d a n t  p r o p e r t i e s  o f  t h e  t w o  m o s t  c o n c e n t r a t e d  
m e t a b o l i t e s  i s o l a t e d  f r o m  A .  r o s e s  [ a p l y r o s e a l - l  ( 3 0 )  s n d  - 6  ( 3 4 ) ]  a n d  
f r o m  C .  v i o l s c e s  [ a p l y v i o l e n e  ( 1 0 0 )  a n d  a p l y v i o l a c e n e  ( l O l ) ] , n  P o i n e r  
c o n d u c t e d  s o m e  f i s h  f e e d i n g  e x p e r i m e n t s  i n  w h i c h  f i s h  p e l l e t s  w e r e  
i m p r e g n a t e d  w i t h  t h e  m e t a b o l i t e s  a n d  t h e n  f e d  t o  t h e  fish.~ 
5 3  
T h e  r e s u l t s  o f  a l l  f o u r  m e t a b o l i t e s  t e s t e d  s h o w e d  p o s i t i v e  a n t i f e e d a n t  
p r o p e r t i e s  a t  b o t h  s p o n g e  a n d  n u d i b r a n c h  c o n c e n t r a t i o n s .  T h e  a p l y r o s e a l  
c o m p o u n d s  a l s o  s h o w e d  t o x i c  e f f e c t s  a t  b o t h  c o n c e n t r a t i o n s  w i t h  s o m e  f i s h  
d y i n g  w i t h i n  t h r e e  h o u r s  o f  e a t i n g  t h e  i m p r e g n a t e d  p e l l e t s .  T h e r e f o r e  
t h e s e  r e s u l t s  l e n d  s u p p o r t  t o  t h e  h y p o t h e s i s  m e n t i o n e d  a b o v e .  
A  p o t e n t i a l  u s e  o f  n a t u r a l  d e f e n c e  c h e m i c a l s ,  b e c a u s e  o f  t h e i r  
i n h e r e n t  b i o l o g i c a l  a c t i v i t y ,  a r e  a s  p h a r m a c e u t i c a l s .  I n  l i g h t  o f  t h e  
r o l e  o f  t h e  d i t e r p e n o i d s  i n  t h e  A p l y s i l l i d a e  s p o n g e s  a s  a  c h e m i c a l  d e f e n c e  
s y s t e m  a n d  h e n c e  t h e i r  p o t e n t i a l  a s  p h a r m a c e u t i c a l s  t h e  t w o  m o s t  
c o n c e n t r a t e d  d i t e r p e n o i d s  f r o m  A .  p a l l i d a ,  a p l y p a l l i d e n o n e  ( 2 1 )  a n d  
a p l y p a l l i d o x o n e  ( 2 2 ) ,  w e r e  t e s t e d  f o r  a n t i b a c t e r i a l ,  a n t i v i r a l  c y t o t o x i c  
a n d  a n t i l e u c e m i c  a c t i v i t y  a n d  t h e  r e s u l t s  s h o w n  i n  T a b l e  ( 6 ) .  T h e  
a n t i v i r a l ,  c y t o t o x i c ,  a n d  a n t i l e u c e m i c  t e s t s  f o r  a p l y p a l l i d e n o n e  h o w e v e r  
m u s t  b e  v i e w e d  w i t h  s o m e  c a u t i o n .  
I n  t h e  i n i t i a l  t e s t i n g  o f  t h e  m e t a b o l i t e s ,  u s i n g  t h e  p a p e r  d i s c  
m e t h o d ,  t h e  c o m p o u n d s  w e r e  d i s s o l v e d  a n d  a p p l i e d  t o  t h e  p a p e r  d i s c s  w i t h  
m e t h a n o l .  I t  w a s  s u b s e q u e n t l y  f o u n d  t h a t  a p l y p a l l i d e n o n e  r e a c t s  w i t h  
m e t h a n o l  ( s e e  S e c t i o n  1 . 2 . l E )  t o  g i v e  t h e  M i c h a e l  a d d u c t  ( 2 6 ) ,  a s  t h e  
e n o l ,  a n d  h e n c e  d e p e n d i n g  o n  h o w  l o n g  a p l y p a l l i d e n o n e  w a s  l e f t  i n  m e t h a n o l  
w o u l d  d e t e r m i n e  t h e  r a t i o  o f  e n o l  ( 2 6 )  t o  a p l y p a l l i d e n o n e  ( 2 1 ) .  
A  f u r t h e r  p o i n t  t o  b e  n o t e d  h o w e v e r ,  i s  t h a t  t h e  r e a c t i o n  i s  
r e l a t i v e l y  s l o w  a n d  r e v e r s i b l e  a n d  u n d e r  t h e  c o n d i t i o n s  o f  t h e  t e s t  t h e  
e n o l  ( 2 6 )  m a y  r e v e r t  b a c k  t o  a p l y p a l l i d e n o n e  g i v i n g  a  c o r r e c t  r e s u l t  f o r  
t h e  n a t u r a l  p r o d u c t  ~?'1). T h i s  p o i n t  g a i n e d  f a v o u r  w h e n  i n  a  s u b s e q u e n t  
a n t i b a c t e r i a l  t e s t  o f  a p l y p a l l i d e n o n e ,  t h e  c o m p o u n d  w a s  a p p l i e d  t o  t h e  
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p a p e r  d i s c s  d i s s o l v e d  i n  d i c h l o r o m e t h a n e  a n d  t h i s  w a s  c o m p a r e d  w i t h  
a p l y p a l l i d e n o n e  w h i c h  h a d  b e e n  i n i t i a l l y  l e f t  i n  m e t h a n o l  f o r  4 8  h .  T h e  
r e s u l t s ,  s h o w n  i n  T a b l e  ( 7 ) ,  s h o w e d  t h e r e  w a s  o n l y  a  s l i g h t  r e d u c t i o n  i n  
t h e  a c t i v i t y  o f  t h e  e n o l  s a m p l e  c o m p a r e d  w i t h  t h a t  o f  a p l y p a l l i d e n o n e .  
T h i s  c o u l d  i n d i c a t e  o n e  o f  t w o  s i t u a t i o n s ,  e i t h e r  t h e  e n o l  i s  j u s t  a s  
a c t i v e  a s  t h e  n a t u r a l  p r o d u c t  o r  i s  r e v e r t i n g  b a c k  t o  t h e  n a t u r a l  p r o d u c t  
u n d e r  t h e  c o n d i t i o n s  o f  t h e  t e s t .  H e n c e  t h e  e n o l  a c e t a t e  ( 2 7 ) ,  p r e p a r e d  
b y  a c e t y l a t i o n  o f  t h e  e n o l  w i t h  a c e t i c  a n h y d r i d e / p y r i d i n e  w o u l d  b e  a n  
i n t e r e s t i n g  c o m p o u n d  t o  t e s t  f o r  a c t i v i t y .  
T a b l e  6 . :  B i o l o g i c a l  A c t i v i t y  o f  a p l y p a l l i d e n o n e  ( 2 1 )  a n d  
a p l y p a l l i d o x o n e  ( 2 2 ) .  
C o m p o u n d  
a p l y p a l l i d e n o n e  
a p l y p a l l i d o x o n e  
A n t i v i r a l  
X  
X  
C y t o t o x i c  
( n g / m l )  
1 0  
X  
P 3 8 8  
( n g / m l )  
9 0  
X  
a  
p a p e r  d i s k  m e t h o d  a p l y p a l l i d e n o n e  
7 5 0  I ' g / d i s c  
a p l y p a l l i d o x o n e  1 0 0 0  I ' g / d i s c  
b  
z o n e  o f  i n h i b i t i o n  i n  m m .  
S a  S t a p h y l a c a c c u s  a u r e u s  g r a m  ( + )  
B s  B a c i l l u s  s u b t l l l i s  g r a m  ( + )  
E c  E s c h e r i c h i a  c o l i  g r a m  ( - )  
P s  P s e u d o m o n a e  a u g i n o s a  g r a m  ( - )  
X  n " : ' 1 o t e s  n o  a c t i v i t y  o b s e r v e d  
A n t i b a c t e r i a l  a  
( m m ) b  
S a  B s  E c  P s  
1 9  2 3  2 1  X  
X  X  X  X  
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T a b l e  7 . :  B i o l o g i c a l  A c t i v i t y  o f  a p l y p a l l i d e n o n e  ( 2 1 )  a n d  
e n o l  ( 2 6 ) .  
C o m p o u n d  S o l v e n t '  
C o n c .
b  
S a  
B s  
a p l y p a l l i d e n o n e  M e O H  7 5 0  1 9  2 2  
a p l y p a l l i d o x o n e  
C~C12 
7 5 0  1 6  2 2  
e n o l  ( 2 6 )  
C H
2
C 1
2  
7 5 0  1 3  1 9  
,  S o l v e n t  u s e d  t o  a p p l y  c o m p o u n d  t o  d i s c  
b  I ' g / d i s c  
A s  c a n  b e  s e e n  i n  T a b l e  6  t h e  m e t a b o l i t e  a p l y p a l l i d o x o n e  ( 2 2 )  i s  
c o m p l e t e l y  v o i d  o f  a n y  a c t i v i t y  i n  t h e  t e s t s  c a r r i e d  o u t .  T h i s ,  t o g e t h e r  
w i t h  t h e  h i g h  r e a c t i v i t y  o f  a p l y p a l l i d e n o n e  t o w a r d s  a l c o h o l s ,  g i v i n g  t h e  
l , 4 - M i c h a e l  a d d u c t ,  s u g g e s t s  t h e  m o d e  o f  a c t i o n  w i t h i n  t h i s  d e f e n s e  s y s t e m  
i s  a s  a  M i c h a e l  a c c e p t o r .  
M i c h a e l  a c c e p t o r s  a s  c h e m i c a l  d e f e n c e  w e a p o n s  a r e  n o t  u n c o m m o n  i n  
n a t u r e  h a v i n g  b e e n  f o u n d  f o r  e x a m p l e  i n  f u n g i ,  h i g h e r  p l a n t s  a n d ,  m o r e  
i n t e r e s t i n g l y ,  i n  t h e  d e f e n c e  s e c r e t i o n  o f  c e r t a i n  s p e c i e s  o f  t e r m i t e s .  
I n  a  s t u d y  b y  Q u e n n e d e y  e t  s l . l l  o n  t h e  d e f e n c e  s e c r e t i o n  f r o m  
t e r m i t e s  o f  t h e  g e n u s  S c h e d o r h i n o t e r m e s ,  w h i c h  c o n t a i n  a s  t h e  a c t i v e  
it~~ 
c o m p o u n d s  l o n g  c h a i n  C 1 2 ,  C l 4  a n d  C l 6 - l - a l k e n - 3 - o n e $ J  f o u n d  t h a t  a  t o p i c a l  
~ 
a p p l i c a t i o n  o r  e x p o s u r e  o f  i t s  v a p o u r  t o  a n t s  l e d  t o  t o x i c  e f f e c t s  i n  t h e  
a n t s .  P r e s t w i c h
n  
t h e r e f o r e  s p e c u l a t e d ,  s i n c e  n o  w o u n d  w a s  n e c e s s a r y  t o  
b r i n g  o n  t h e  t o x i c  e f f e c t ,  t h a t  t h e  m e c h a n i s m  o f  a c t i o n  i s  o n e  i n  w h i c h  
t h e  l o n g  a l i p h a t i c  s i d e  c h a i n  o f  t h e  e n o n e  f a c i l i t a t e s  p e n e t r a t i o n  
t h r o u g h  t h e  l i p o p h i l i c  a n t  cuticle~and t h e n  a  s u b s e q u e n t  M i c h a e l  t y p e  
a d d i t i o n  o f  a  b i o l o g i c a l  s u l f h y d r y l  g r o u p  t o  t h e  v i n y l  k e t o n e  c o u l d  r e s u l t  
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i n  t h e  o b s e r v e d  t o x i c i t y .  P r e s w i c h  a l s o  f o u n d  t h a t  t h e  s o l d i e r  a n d  w o r k e r  
t e r m i t e s  w e r e  u n a f f e c t e d  b y  t h e i r  o w n  p o i s o n s  d u e  t o  a  d e t o x i f i c a t i o n  i n  
w h i c h  t h e  a,~-unsaturated k e t o n e  i s  r e d u c e d  t o  t h e  ketone.~ 
T h e r e f o r e ,  b y  a n a l o g y  w i t h  t h e  t e r m i t e  d e f e n c e  s e c r e t i o n  t h e  a l i p h a t i c  
A  a n d  B  r i n g s  o f  a p l y p a l l i d e n o n e  c o u l d  a s s i s t  i n  e n t e r i n g  t h e  p r e d a t o r ' s  
c i r c u l a t o r y  s y s t e m ,  p o s s i b l y  v i a  t h e  l i p o p h i l i c  s y s t e m .  T h e n  a  
M i c h a e l  t y p e  a d d i t i o n  t o  t h e  C  r i n g ,  p o s s i b l y  b y  s u l f h y d r y l  g r o u p s  a s  
s p e c u l a t e d  b y  P r e s t w i c h  i n  t h e  a n t s ,  c o u l d  l e a d  t o  a  t o x i c  e f f e c t  i n  t h e  
p r e d a t o r .  I t  a l s o  r e m a i n s  p o s s i b l e  t h a t  a p l y p a l l i d o x o n e  ( 2 2 ) ,  d u e  t o  i t s  
c o m p l e t e  i n a c t i v i t y  t o  t h e  t e s t s  c o n d u c t e d  m a y  b e  a  m e t h o d  o f  
d e t o x i f i c a t i o n  i n  t h e  s p o n g e ,  a n d  f u r t h e r m o r e ,  m a y  b e  p r e s e n t  i n  t h e  
s p o n g e  a s  a  m e t h o d  o f  s t o r a g e  o f  a  p a t e n t  c y t o t o x i c  c o m p o u n d  w h i c h  i s  t h e n  
c o n v e r t e d  t o  a c t i v e  a p l y p a l l i d e n o n e  w h e n  n e c e s s a r y .  A  f u r t h e r  p o s s i b i l i t y  
o f  a  s y m b i o t i c  o r g a n i s m  i n  t h e  s p o n g e  p r o d u c i n g  t h e  a c t i v e  c o m p o u n d s  w h i c h  
a r E  t h e n  d e t o x i f i e d  b y  t h e  s p o n g e  w a s  d i s c o u n t e d  s i n c e  t h e  s p o n g e s  i n  t h e  
A p l y s i l l i d a e  f a m i l y  a r e  n o t  k n o w n  t o  c a r r y  symbionts.~ 
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1 . 2 . 2  A p l y s i l l s  r o s e s  
A p l y s i l l s  r o s e s  B a r r o i s  ( P l a t e  5 ) ,  a  p i n k - r e d  e n c r u s t i n g  s p o n g e  o f  t h e  
D e n d r o c e r a t i d a  o r d e r  o f  s p o n g e s  w a s  c o l l e c t e d  a n d  t h e  s e c o n d a r y  
m e t a b o l i t e s  e x t r a c t e d .  A l l  c o l l e c t i o n s  o f  s p o n g e  m a t e r i a l  f o r  a  l a r g e  
s c a l e  e x t r a c t i o n  w e r e  c o n d u c t e d  o f f  t h e  n o r t h e r n  h e a d l a n d s  o f  B o n d i  B e a c h  
b e t w e e n  t h e  m o n t h s  o f  A p r  - J u n ,  1 9 8 4  ( w a t e r  t e m p  1 4  - 2 0 · ) .  
L a r g e  s c a l e  e x t r a c t i o n  o f  t h e  f r e e z e  d r i e d  s p o n g e  f o l l o w e d  b y  
e x h a u s t i v e  g r a v i t y  c o l u m n  a n d  h i g h  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  
( h . p . l . c . )  y i e l d e d  2 2  d i t e r p e n e s  ( T a b l e  8 ) :  n i n e  d i t e r p e n e s  p r e v i o u s l y  
i s o l a t e d  f r o m  A .  r o s e s  ( 2 8 )  - ( 3 6 ) , W  t w o  i s o l a t e d  f r o m  t h e  N e w  Z e a l a n d  
s p o n g e ,  D e n d r l l l a  r o s e s  ( 3 7 )  - (38),~ a n d  e l e v e n  n e w  d i t e r p e n e s  ( 3 9 ) - ( 4 9 ) .  
T h e  k n o w n  d i t e r p e n e s  ( 2 8 )  - ( 3 6 ) ,  o r i g i n a l l y  i s o l a t e d  i n  o u r  
d e p a r t m e n t ,  w e r e  i d e n t i f i e d  b y  d i r e c t  c o m p a r i s o n  o f  t h e  l H  n . m . r .  a n d  m a s s  
s p e c t r a  w i t h  t h o s e  o f  t h e  a u t h e n t i c  s a m p l e s .  T h e  s t r u c t u r e s  o f  
d e n d r i l l o l - l ( 3 7 )  a n d  - 2 ( 3 8 )  w e r e  e s t a b l i s h e d  b y  c o m p a r i s o n  o f  s p e c t r a l  
d a t a  r e c o r d e d  i n  t h e  literature.~ A l l  n e w  d i t e r p e n e s  ( 3 9 )  - ( 4 9 )  w e r e  
i d e n t i f i e d  b y  e x t e n s i v e  s p e c t r o s c o p i c  i n v e s t i g a t i o n s .  
T h e  a b s o l u t e  s t e r e o c h e m i s t r y  o f  t h e  ~-bromobenzoate d e r i v a t i v e  ( 5 1 )  o f  
a p l y r o s e c l - l  ( 3 0 )  w a s  d e t e r m i n e d  b y  X - r a y  c r y s t a l l o g r a p h y  ( A p p e n d i x  I ) ,  
f r o m  w h i c h  i t  w a s  i n f e r r e d  t h a t  a l l  t h e  a p l y r o s e o l  m e t a b o l i t e s  h a v e  t h e  
s a m e  a b s o l u t e  s t e r e o c h e m i s t r y .  
T h e  f o l l o w i n g  n o t e s  a p p l y  t o  T a b l e  8 :  
%  d i t e r p e n e  c o n c e n t r a t i o n  o f  d r y  w e i g h t  s p o n g e  m a t e r i a l .  
A  %  c o n c e n t r a t i o n  f r o m  A .  r o s e s  i s o l a t e d  b y  t h e  a u t h e r .  
B  %  c o n c e n t r a t i o n  f r o m  A .  
r o s e s  i s o l a t e d  b y  K a r u s o .
W  
C  %  c o n c e n t r a t i o n  f r o m  D .  
r o s e s  i s o l a t e d  b y  Karuso.~ 
Plate 5. An underwater photograph of Aplysilla roses. 
The nudibranchs feeding on the sponge are 
Chromodoris tssmaniensis. 
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T a b l e  8 .  D i t e r p e n e  c o n c e n t r a t i o n s  f r o m  A .  r o s e a .  
C o m p o u n d  
S t r u c t u r e  %  d r y  w e i g h t
l  
A  B  
C  
A m b 1 i o f u r a n  
2 8  0 . 2 3  0 . 2 2  
H e x a - H - f u r a n  2 9  0 . 0 0 1 7  0 . 0 1  
A p 1 y r o s e o l - 1  3 0  0 . 1 4  0 . 1 1  0 . 0 2 6  
A p 1 y r o s e o l - 2  7 4  
0 . 0 0 3  0 . 0 0 3  
A p 1 y r o s e o l - 3  3 1  0 . 0 1 9  
0 . 0 8  0 . 0 0 9  
A p 1 y r o s e o l - 4  3 2  0 . 0 6 0  0 . 0 8  
A p 1 y r o s e o l - 5  3 3  0 . 1 2  0 . 0 9  0 . 0 1 8  
A p 1 y r o s e o l - 6  3 4  0 . 0 6 9  0 . 1 1  0 . 0 0 5  
D e n d r i l l o 1 - 1  3 7  
0 . 0 0 0 9 3  0 . 0 4 8  
D e n d r i 1 1 0 1 - 2  3 8  0 . 0 0 5 2  0 . 0 0 2  
D e n d r i 1 1 0 1 - 3  7 6  0 . 0 0 2  
D e n d r i 1 1 0 1 - 4  
7 7  0 . 0 0 4  
L a c t o n e  A  3 5  0 . 0 2 2  0 . 0 0 1  0 . 0 0 1  
L a c t o n e  B  
3 6  0 . 0 5 6  0 . 0 3 0  
A R O S S T - 1  3 9  0 . 0 0 4 5  
A R O S S T - 2  4 0  
0 . 0 0 1 7  
A R O S S T - 3  4 1  0 . 0 0 8 3  
A R O S S T - 4  4 2  0 . 0 0 3 6  
A R O S S T - 5  4 3  0 . 0 0 9 3  
A R O S S T - 6 A  4 4 A  
0 . 0 0 3 3  
A R O S S T - 7  4 5  
0 . 0 0 2 1  
A R O S S T - 8  4 6  0 . 0 0 1 8  
A R O S S T - 9  4 7  0 . 0 0 0 1 9  
A R O S S T - 1 0  4 8  0 . 0 0 0 8 0  
A R O S S T - 1 1  4 9  0 . 0 0 0 7 6  
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( A )  A R O S S T - l  ( 3 9 )  
A R O S S T - l ( 3 9 )  w a s  i s o l a t e d  a s  a  c o l o u r l e s s ,  n e u t r a l  gum~ H i g h  
r e s o l u t i o n  m a s s  m a t c h i n g  o f  t h e  m o l e c u l a r  i o n ,  m / z  4 3 4 ,  e s t a b l i s h e d  a  
m o l e c u l a r  f o r m u l a  C~~06. T h i s  w a s  f u r t h e r  s u b s t a n t i a t e d  b y  t h e  D C  
n . m . r .  a n d  I H  n . m . r .  s p e c t r a  w h i c h  s h o w e d  s i g n a l s  f o r  t w e n t y  f i v e  c a r b o n s  
a n d  t h i r t y  e i g h t  p r o t o n s  r e s p e c t i v e l y .  F r o m  t h e  m o l e c u l a r  f o r m u l a  t h e r e  
a r e  s e v e n  u n i t s  o f  u n s a t u r a t i o n .  
I n  t h e  i . r .  s p e c t r u m  t w o  s t r o n g  c a r b o n y l  a b s o r p t i o n s  a t  1 7 7 4  a n d  1 7 3 5  
c m -
1  
t o g e t h e r  w i t h  t h r e e  c a r b o n y l  s i g n a l s  i n  t h e  D C  n . m . r .  s p e c t r u m  a t  6  
1 7 2 . 4 ,  1 7 2 . 8  a n d  1 7 6 . 0  i n d i c a t e d  t h e  p r e s e n c e  o f  t h r e e  e s t e r  c a r b o n y 1 s .  
A  t h r e e  p r o t o n  t r i p l e t  a t  6  1 . 0 0  ( J  7 . 5  H z )  c o u p l e d  t o  a  t w o  p r o t o n  
m u l t i p 1 e t  a t  6  1 . 7 1  w h i c h  i n  t u r n  w a s  c o u p l e d  t o  a n o t h e r  t w o  p r o t o n  
m u 1 t i p l e t  a t  6  2 . 3 6  i n  t h e  I H  n . m . r .  s p e c t r u m  ( F i g  1 2 )  s u b s t a n t i a t e d  t h e  
p r e s e n c e  o f  a  b u t y r a t e  e s t e r .  T h e  e . i . m . s .  a l s o  s h o w e d  t h e  p r o m i n e n t  l o s s  
o f  b u t y r i c  a c i d  ( 8 8  d a 1 t o t i s ) · ·  f r o m  t h e  m o l e c u l a r  i o n  g i v i n g  m / z  3 4 6 .  T h i s  
w a s  c o n f i r m e d  b y  h i g h  r e s o l u t i o n  m a s s  m a t c h i n g  w h i c h  g a v e  a · ·  m o l e c u l a r  
f o r m u l a  C21~04 [ W  - C H
3
C H
2
C H
2
C O O H ) .  
T h e  m e t h y l  g r o u p  o f  a  m e t h y l  e s t e r  w a s  e v i d e n t  f r o m  a  t h r e e  p r o t o n  
s i n g l e t  a t  0  3 . 6 4  i n  t h e  I H  n . m . r .  s p e c t r u m  a n d  f r o m  t h e  o c c u r r e n c e  o f  a  
f r a g m e n t  p e a k  a t  m / z  3 1 4  i n  t h e  m a s s  s p e c t r u m  c o r r e s p o n d i n g  t o  t h e  l o s s  o f  
C H
3
0 H  [ M +  - C H
3
C H
2
C H
2
C O O H  - C H
3
0 H ) .  
T h e  f i n a l  c a r b o n y l  w a s  a s s i g n e d  t o  a  ~-lactone. T h i s  w a s  s u g g e s t e d  b y  
b o t h  t h e  c a r b o n y l  a b s o r p t i o n  a t  1 7 7 4  c m -
1  
a n d  t h e  m a s s  s p e c t r u m  w h i c h  
s h o w e d  a  s t r o n g  f r a g m e n t  p e a k  m / z  2 8 8  c o r r e s p o n d i n g  t o  t h e  [ M +  -
C H
3
C H
2
C H
2
C O O H  - C O  - C H
2
0 )  i o n .  
T h e  m e t h y l  e s t e r ,  b u t y r a t e  a n d  ~-lactone a c c o u n t e d  f o r  a l l  s i x  o x y g e n s _  
a n d  t h r e e  u n i t s  o f  u n s a t u r a t i o n .  A s  n o  f u r t h e r  u n s a t u r a t i o n  w a s  i n d i c a t e d  
( I H  n . m . r . ,  D C  n . m . r .  a n d  U . V .  s p e c t r a )  t h e  p a r e n t  h y d r o c a r b o n  w a s  
t e t r a c y c l i c .  
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T h e  I H  n . m . r .  s p e c t r u m  a l s o  s h o w e d  t h r e e  q u a t e r n a r y  m e t h y l  s i g n a l s  (~ 
0 . 7 7 ,  0 . 7 8  a n d  0 . 8 0 ) ,  a n d  t w o  d o u b l e t  o f  d o u b l e t  o f  d o u b l e t s  a t  0 . 9 4  ( J  
1 3 ,  1 3 ,  3 . 8  H z )  a n d  1 . 1 7  ( J  1 3 . 8 ,  1 3 . 8 ,  4 . 5  H z ) .  r e m i n i s c e n t  o f  H l a  a n d  
H 3 a  r e s p e c t i v e l y  i n  p r e v i o u s  a p l y r o s e o l s .  
T h i s  i n d i c a t e s  a  d i t e r p e n e  s t r u c t u r e  i n  w h i c h ,  a s  i n  a p l y r o s e o l s  
( 3 0 ) - ( 3 4 ) ,  t h e  f o u r t h  m e t h y l  g r o u p  h a d  b e e n  o x i d i s e d .  H e n c e  p a r t i a l  
s t r u c t u r e  ( 0 )  w a s  s u g g e s t e d .  
( 0 )  
T h e  m e t h i n e  p r o t o n  a  t o  t h e  b u t y r o x y  g r o u p  ( o H  4 . 8 6 ,  ~c 7 4 . 0 )  w a s  
c l e a r l y  v i s i b l e  i n  t h e  I H  n . m . r .  s p e c t r u m  a s  a  f i n e  d o u b l e t  o f  d o u b l e t s  ( J  
2 . 8  2 . 6  H z ) .  T h i s  i s  c o n s i s t e n t  w i t h  a  p r o t o n  b o t h  e q u a t o r i a l  a n d  ~ t o  a  
m e t h y l e n e .  D e c o u p l i n g  e x p e r i m e n t s  i n  t h e  I H  n . m . r .  s p e c t r u m  s h o w e d  t h e  
p r o t o n  a  t o  t h e  b u t y r o x y  g r o u p  (~ 4 . 8 6 )  t o  b e  c o u p l e d ,  a s  e x p e c t e d ,  t o  t w o  
m e t h y l e n e  p r o t o n s .  T h e s e  i n  t u r n  w e r e  c o u p l e d  t o  a  s i n g l e  p r o t o n  
r e s o n a t i n g  a t  0  1 .  3 0 ,  e v i d e n t  a s  a  d o u b l e t  o f  d o u b l e t s :  o n e  a x i a l - a x i a l  ( J  
1 3 . 2  H z )  c o u p l i n g  a n d  o n e  a x i a l  e q u a t o r i a l  ( J  2 . 4  H z )  c o u p l i n g .  T h e  d a t a  
p r e s e n t e d  a b o v e  a r e  r e m i n i s c e n t  o f  t h e  ~ r i n g  i n  a p l y r o s e o l - l ( 3 0 )  a n d  
h e n c e  p a r t i a l  s t r u c t u r e  ( P )  m a y  n o w  b e  e n v i s a g e d .  
F r o m  t h e  e v i d e n c e  p r e s e n t e d  a b o v e  t h u s  f a r  t h r e e  s t r u c t u r e s  ( 3 9 ) ,  ( 5 7 )  
6 1  
a n d  ( 5 8 )  w e r e  s u g g e s t e d .  
H  0  o  
~OMo 
' 0  
' 0  
~.o 
' ' ' 0  
O~ 
\  
\  
I  
( 5 7 )  !  
( 5 8 ) :  
( 3 9 )  
T w o  r e s o n a n c e s  i n  t h e  I H  n . m . r .  s p e c t r u m  a t  6  2 . 8 4  a n d  2 . 9 6 ,  t h e  
c h e m i c a l  s h i f t s  o f  w h i c h  a r e  c o n s i s t e n t  w i t h  m e t h i n e s  a  t o  c a r b o n y 1 s ,  
s u g g e s t e d  t h e  s t r u c t u r e  o f  A R O S S T - 1  w a s  ( 3 9 ) .  T h i s  w a s  f u r t h e r  
s u b s t a n t i a t e d  b y  t w o  d o u b l e t s  i n  t h e  I H  n . m . r .  s p e c t r u m  a t  6  4 . 0 2  ( J  1 0 . 0  
H z )  a n d  4 . 3 6  ( J  1 0 . 0  H z )  w h i c h  w e r e  c o u p l e d  t o g e t h e r .  T h e s e  r e s o n a n c e s  
S / J f l q  I  
c o u l d  b e  a s s o c i a t e d  w i t h  a  m e t h y l e n e  carbon~in t h e  D c  n . m . r .  s p e c t r u m  a t  6  
7 4 . 0 ,  a n d  a r e  c o n s i s t e n t  w i t h  a  p a i r  o f  g e m i n a 1  p r o t o n s  a t t a c h e d  t o  a  
c a r b o n  ( C 1 7 )  b e a r i n g  o n t o x y g e n .  A s  t h e r e  w e r e  n o  f u t h e r  c o u p l i n g s  t o  
e i t h e r  p r o t o n s  t h i s  c o n f i r m s  t h e  s t r u c t u r e  ( 3 9 )  a s s i g n e d  t o  · · A R O S S T l .  
F u r t h e r  a n a l y s i s  o f  t h e  t w o  Q - c a r b o n y 1  m e t h i n e s  r e s o n a n c e s ,  H 1 3  ( 6  
2 . 8 4 )  a n d  H 1 4  ( 2 . 9 6 ) ,  r e v e a l e d  t h a t  t h e  C  r i n g  i n  A R O S S T - 1  m u s t  r e s i d e  i n  
a  b o a t  c o n f o r m a t i o n  r a t h e r  t h a n  t h e  u s u a l  c h a i r  c o n f o r m a t i o n .  T h i s  w a s  
e v i d e n t  f r o m  d e c o u p 1 i n g  e x p e r i m e n t s .  
D e c o u p 1 i n g  e x p e r i m e n t s  i n  t h e  I H  n . m . r .  s p e c t r u m  s h o w e d  t h e  p r o t o n  
H 1 3 ,  e v i d e n t  a s  a  d o u b l e t  o f  d o u b l e t  o f  d o u b l e t s  ( J  1 1 . 4 ,  6 . 7 ,  4 . 1  H z ) ,  
w a s  c o u p l e d  t o  t h r e e  p r o t o n s ;  H 1 4  ( J  6 . 7  H z )  a n d  b o t h  H12~ ( J  1 1 . 4  H z )  a n d  
H 1 2 a  ( J  4 . 1  H z ) .  T h e  l a r g e  c o u p l i n g s  e x h i b i t e d  b y  H 1 3  i n d i c a t e d  i t  m u s t  
b e  i n  a  p~o-axia1 o r i e n t a t i o n :  g i v i n g  a n  a x i a l - a x i a l  c o u p l i n g  ( J  
1 1 . 4 H z )  t o  H 1 2 B  a n d  a n  a x i a l - e q u a t o r i a l  c o u p 1 i n p :  . ( J  4 . 1 H z )  t o  H 1 2 a .  
I n  a d d i t i o n ,  H 1 4 ,  w h i c h  h a s  a l r e a d y  b e e n  s h o w n  t o  b e  c o u p l e d  t o  H 1 3 ,  
.
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6 3  
a l s o  c o n t a i n e d  a  s m a l l  ( J  1 . 5  H z )  l o n g  r a n g e  c o u p l i n g  w i t h  H 1 2 a .  
T h i s  i m p l i e s  t h a t  t h e s e  t w o  p r o t o n s ,  H 1 4  a n d  H 1 2 a ,  a n d  t h e  c a r b o n s  b e t w e e n  
t h e m  a d o p t  a  ' W '  c o n f o r m a t i o n  i n  o n e  p l a n e .  H e n c e  H 1 4  m u s t  b e  
e q u a t o r i a l l y  d i s p o s e d .  
T h e  a b o v e  o b s e r v a t i o n  o f  l a r g e  c o u p l i n g s  i n  H 1 3  a n d  a  ' W '  c o u p l i n g  i n  
H 1 4  c a n  o n l y  b e  a c c o u n t e d  f o r  i f  t h e  C  r i n g  a d o p t s  a  b o a t  c o n f o r m a t i o n .  
M o l e c u l a r  m o d e l  s t u d i e s  o f  A R O S S T - l  s u p p o r t e d  t h i s  p r o p o s a l  a n d  
p r o v i d e d  a  r a t i o n a l e  f o r  t h e  b o a t  c o n f o r m a t i o n .  T h e  C  r i n g ,  i n  t h e  c h a i r  
c o n f o r m a t i o n ,  i m p o s e s  a  ~-axial o r i e n t a t i o n  o n  t h e  C 1 3  m e t h y l  e s t e r  g r o u p  
a n d  a l s o  i m p o s e s  a  s t r a i n e d  t w i s t  o n  t h e  ~-lactone. H o w e v e r  i n  t h e  b o a t  
c o n f o r m a t i o n  t h e  b u l k y  m e t h y l  e s t e r  g r o u p  b e c o m e s  e q u a t o r i a l  a n d  t h e  t w i s t  
i n  t h e  ~-lactone i s  r e l i e v e d .  T h e s e  t w o  e f f e c t s  t h e r e f o r e  o v e r c o m e  t h e  
u s u a l  p r e f e r e n c e  f o r  t h e  c h a i r  c o n f o r m a t i o n  o f  a  c y c l o h e x a n e  r i n g  s y s t e m .  
T h u s  t h e  f i n a l  s t r u c t u r e  o f  A R O S S T - l  w a s  s e t t l e d  a s  ( 3 9 ) ,  t h e  
c o n f o r m a t i o n  o f  w h i c h  i s  s h o w n  i n  s t r u c t u r e  ( 3 9 A ) .  
/~COOMe 
H  H  
o~ 
o  
C 3 9 A )  
( B )  A R O S S T - 2  ( 4 0 )  
A R O S S T - 2 ( 4 0 )  w a s  i s o l a t e d  a s  a  c o l o u r l e s s  n e u t r a l  g u m .  H i g h  
r e s o l u t i o n  m a s s  m a t c h i n g  o f  t h e  m o l e c u l a r  i o n ,  m / z  4 0 6 ,  e s t a b l i s h e d  a  
m o l e c u l a r  f o r m u l a  CdP'~06' T h i s  w a s  f u r t h e r  s u b s t a n t i a t e d  b y  t h e  D C  
n . m . r .  a n d  I H  n . m . r .  s p e c t r a  w h i c h  s h o w e d  s i g n a l s  f o r  t w e n t y  t h r e e  c a r b o n s  
6 4  
a n d  t h i r t y  f o u r  p r o t o n s  r e s p e c t i v e l y .  
T h e  n C  n . m . r . ,  1 H  n . m . r .  a n d  i . r .  s p e c t r u m  o f  A R O S S v t 2  w e r e  v i r t u a l l y  
i d e n t i c a l  t o  t h o s e  o f  A R O S S T 1 .  
I n  t h e  1 H  n . m .  r .  s p e c t r u m  ( F i g  1 3 )  a l l  t h e  c h a r a t e r i s t i c  s : L g n a l s  o f  
A R O S S T l  w e r e  p r e s e n t ,  w i t h  o n e  n o t a b l e  d i f f e r e n c e :  i t  l a c k e d  t h e  s i g n a l s  
a s s o c i a t e d  w i t h  a  b u t y r a t e  e s t e r .  I n s t e a d  t h e s e  w e r e  r e p l a c e d  b y  a  t h r e e  
p r o t o n  s i n g l e t  a t  6  2 . 1 3  a s s i g n e d  t o  a n  a c e t a t e .  T h e  e . i . m . s .  a l s o  s h o w e d  
a  p e a k  a t  m / z  3 4 6  d u e  t o  t h e  l o s s  o f  a  m o l e c u l e  o f  a c e t i c  a c i d  ( 6 0  
d a l t o n s )  f r o m  t h e  p a r e n t  i o n .  T h i s  t h e r e f o r e  s u g g e s t e d  A R O S S T 1 2  h a d  
s t r u c t u r e  ( 4 0 ) .  
C l o s e r  a n a l y s i s  o f  t h e  p r o t o n s  H 1 3  ( 6  2 . 8 5 )  a n d  H 1 4  ( 6  2 . 9 5 )  a g a i n  
s h o w e d  H 1 3  w i t h  l a r g e  c o u p l i n g s  ( J  1 1 . 0 ,  6 . 8 ,  4 . 2  H z )  a n d  H 1 4  p o s s e s s i n g  a  
l o n g  r a n g e  c o u p l i n g  ( J  6 . 8 ,  1 . 6  H z ) .  D e c o u p l i n g  e x p e r i m e n t s ,  a s  i n  
A R O S S T l ,  s h o w e d  H 1 3  c o u p l e d  t o  H 1 4 ,  1 2 a  a n d  12~. A s  w e l l ,  H 1 4  w a s  s h o w n  
t o  b e  c o u p l e d  t o  H 1 2 a  b y  a  s m a l l  ( J  1 . 6  H z )  l o n g  r a n g e  ' W '  c o u p l i n g .  
T h e r e f o r e ,  a s  i n  A R O S S T - l ,  t h e  C  r i n g  o f  A R O S S T - 2  r e s i d e s  i n  a  b o a t  
c o n f o r m a t i o n ,  r e l i e v i n g  t h e  s t r e s s  o n  t h e  , - l a c t o n e  a n d  p l a c i n g  t h e  m e t h y l  
e s t e r  g r o u p  i n  a n  e q u a t o r i a l  o r i e n t a t i o n .  N . O . e .  e x p e r i m e n t s  ( T a b l e  9 )  
f u r t h e r  s u p p o r t e d  t h i s  c o n f o r m a t i o n  w i t h  a  n . O . e .  b e i n g  o b s e r v e d  f r o m  H 1 4  
t o  H7~ a n d  v i c e  v e r s a .  
H  0  
" - J - - - - . O M e  
' . . . ,  
o  
O~ 
( 4 0 )  
( 4 0 A )  
N . O . e .  e x p e r i m e n t s  a l s o  a l l o w e d  t h e  c h e m i c a l  s h i f t s  o f  t h e  t w o  g e m i n a l  
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p r o t o n s ,  H 1 7 a  ( p o i n t i n g  a w a y  f r o m  t h e  r i n g )  a n d  H 1 7 b  ( p o i n t i n g  i n t o  t h e  
r i n g )  t o  b e  a s s i g n e d ;  i r r a d i a t i o n  o f  H7~ g a v e  a  n . O . e .  t o  H 1 7 a  ( 6  4 . 0 1 )  
a n d  b y  i n f e r e n c e  H17~ ( 6 4 . 3 6 )  w a s  a s s i g n e d .  
6 6  
I n  c o n c l u s i o n  t h e  f i n a l  s t r u c t u r e  o f  A R O S S T 1 2  w a s  t h e r e f o r e  s e t t l e d  a s  
( 4 0 )  t h e  c o n f o r m a t i o n  o f  w h i c h  i s  s h o w n  i n  s t r u c t u r e  ( 4 0 A ) .  
T a b l e  9 .  l H - 1 H  n u c l e a r  O v e r h a u s e r  e n h a n c e m e n t s  i n  
A R O S S T - 2  ( 4 0 ) .  
l H  i r r a d i a t e d  
H7~ 
H 1 4  
( C )  A R O S S T - 3  ( 4 1 )  
S i g n a l s  e n h a n c e d  ( % )  
H 1 7 a ( 3 . 7 ) ,  H 1 4 ( S . 7 ) .  
H7~(4.3). 
A R O S S T - 3  ( 4 1 )  w a s  i s o l a t e d  a s  a  w h i t e ,  c r y s t a l l i n e ,  n e u t r a l  s o l i d .  
M a s s  s p e c t r o s c o p y  e s t a b l i s h e d  a  m o l e c u l a r  f o r m u l a  o f  C~~C7. T h e  m o s t  
p r o m i n e n t  p e a k  i n  t h e  m a s s  s p e c t r u m  w a s  m / z  3 6 2  c o r r e s p o n d i n g  t o  t h e  
m o l e c u l a r  i o n  m i n u s  a  m o l e c u l e  o f  b u t y r i c  a c i d  ( 8 8  d a l t o n s ) .  T h e  
m o l e c u l a r  f o r m u l a  w a s  s u b s t a n t i a t e d  b y  b o t h  t h e  f u l l y  d e c o u p l e d  D C  n . m . r .  
s p e c t r u m  a n d  i n t e g r a t i o n  o f  t h e  I H  n . m . r .  s p e c t r u m  i n  w h i c h  t w e n t y  f i v e  
c a r b o n s  a n d  t h i r t y  e i g h t  p r o t o n s  r e s p e c t i v e l y  w e r e  s h o w n .  F r o m  t h e  
m o l e c u l a r  f o r m u l a  t h e r e  a r e  s e v e n  u n i t s  o f  u n s a t u r a t i o n .  
T h e  i . r .  s p e c t r u m  s h o w e d  t w o  s t r o n g  c a r b o n y l  a b s o r p t i o n s  a t  l772.~nd 
1 7 3 4  c m - I .  T o g e t h e r  w i t h  t h r e e  c a r b o n y l  s i g n a l s  i n  t h e  D C  n . m . r .  s p e c t r u m  
6 7  
( 5  1 7 2 . 6 ,  1 7 3 . 2 ,  1 7 6 . 6 ) ,  i n d i c a t e d  t h e  p r e s e n c e  o f  t h r e e  e s t e r  f u n c t i o n s .  
I n  t h e  I H  n . m . r .  s p e c t r u m  ( F i g .  1 4 )  a  t h r e e  p r o t o n  t r i p l e t  ( J  7 . 4  H z )  
a t  5  0 . 9 7  c o u p l e d  t o  a  t w o  p r o t o n  m u l t i p l e t  a t  5  1 . 6 8 ,  w h i c h  w a s  f u r t h e r  
c o u p l e d  t o  a n o t h e r  t w o  p r o t o n  m u l t i p l e t  a t  0  2 . 3 4 ,  c o n f i r m e d  t h e  p r e s e n c e  
o f  a  b u t y r a t e  e s t e r  a l r e a d y  i m p l i e d  b y  t h e  m a s s  s p e c t r u m  ( m / z  3 6 2  [ M +  -
C H
3
C H
2
C H
2
C O O H )  )  .  
T h e  m e t h o x y l  g r o u p  o f  a  m e t h y l  e s t e r  w a s  a l s o  i n d i c a t e d  b y  a  t h r e e  
p r o t o n  s i n g l e t  a t  0  3 . 7 3 ,  a n d  i n  t h e  m a s s  s p e c t r u m  w i t h  a  p e a k  a t  m / z  3 3 0  
c o r r e s p o n d i n g  t o  t h e  l o s s  o f  C H
3
0 H  [ M +  - C H
3
C H
2
C H
2
C O O H  - C H
3
0 H ) . ·  
A  ~-lactone w a s  a l s o  a g a i n  s u g g e s t e d  b y  t h e  c a r b o n y l  a b s o r p t i o n  i n  t h e  
i . r .  s p e c t r u m  ( 1 7 7 2  cm~) a n d  t h e  c h e m i c a l  s h i f t  o f  t h e  l a c t o n e  c a r b o n y l  
c a r b o n  ( 0  1 7 6 . 6 ) .  
A  b r o a d  a b s o r p t i o n  i n  t h e  1 .  r .  s p e c t r u m  ( 3 5 3 1  c m - I )  a n d  a  b r o a d  
s i n g l e t  i n  t h e  I H  n . m . r .  s p e c t r u m  a t  0  2 . 5 5 ,  w h i c h  w a s  t e m p e r a t u r e  
d e p e n d e n t ,  i n d i c a t e d  t h e  p r e s e n c e  o f  a n  a l c o h o l  g r o u p .  
T h e  m e t h y l  a n d  b u t y r a t e  e s t e r s ,  y - l a c t o n e  a n d  a l c o h o l  a c c o u n t e d  f o r  
a l l  s e v e n  o x y g e n s  t o g e t h e r  w i t h  t h r e e  u n i t s  o f  u n s a t u r a t i o n .  T h e r e f o r e  
t h e  p a r e n t  h y d r o c a r b o n  w a s  a g a i n  t e t r a c y c y l i c .  
T w o  p r o t o n s  a t  0  2 . 8 6  ( d d d ,  J  1 1 . 4 ,  7 . 0 ,  3 . 6  H z )  a n d  3 . 5 4  ( d d ,  J  7 . 0 ,  
1 . 5  H z )  w h i c h  b y  d e c o u p l i n g  e x p e r i m e n t s  w e r e  s h o w n  t o  b e  c o u p l e d  t o g e t h e r  
( J  7 . 0  H z )  a n d  a l s o  m u t u a l l y  c o u p l e d  t o  H 1 2 a  w e r e  r e m i n i s c e n t  o f  H 1 3  a n d  
H 1 4  r e s p e c t i v e l y  i n  A R O S S T - l ( 3 9 )  a n d  - 2 ( 4 0 )  i n d i c a t i n g  t h e  C  r i n g  o f  
A R O S S T - 3  a l s o  e x i s t e d  i n  a  b o a t  c o n f o r m a t i o n .  N . O . e .  e x p e r i m e n t s  ( T a b l e  
1 0 )  f u r t h e r  s u b s t a n t i a t e d  t h i s  w i t h  a  n . O . e .  e n h a n c e m e n t  b e i n g  o b s e r v e d  i n  
H7~ u p o n  i r r a d i a t i o n  o f  H 1 4  a n d  v i c e  v e r s a .  T h i s  t h e r e f o r e ,  a c c o r d i n g  t o  
t h e  e v i d e n c e  p r e s e n t e d ,  i n d i c a t e d  t h a t  p a r t i a l  s t r u c t u r e s  ( Q ) ,  ( R )  a n d  ( S )  
a r e  p r e s e n t  w i t h  t h e  C  r i n g  i n  p a r t i a l  s t r u c t u r e  ( Q )  b e i n g  i n  a  b o a t  
c o n f o r m a t i o n .  
6 8  
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T h e  r e g i o c h e m i s t r y  o f  t h e  a l c o h o l  a n d  b u t y r o x y  g r o u p s  i n  A R O S S T - 3  w a s  
e l u c i d a t e d  f r o m  t h e  c h e m i c a l  s h i f t s  a n d  m a g n i t u d e  o f  t h e  c o u p l i n g  o f  t h e  
p r o t o n s  a  t o  _ t h e s e  g r o u p s .  
D e c o u p 1 i n g  e x p e r i m e n t s  i n  t h e  I H  n . m . r .  s p e c t r u m  o f  a  f i n e  d o u b l e t  a t  
6  3 . 5 4  ( J  2 . 4 H z )  f o u n d  i t  c o u p l e d  t o  a  r e s o n a n c e  a t  6  5 . 3 5  e v i d e n t  a s  a  
d o u b l e t  o f  d o u b l e t s  ( J  1 2 . 2 ,  2 . 4  H z ) .  T h i s  i n  t u r n  w a s  c o u p l e d  t o  a n  
a 1 i p h a t i c  d o u b l e t  ( J  1 2 . 2  H z )  a t  6  1 . 9 6 .  
T h e  c h e m i c a l  s h i f t s  a n d  m a g n i t u d e  o f  t h e  c o u p l i n g  a r e  c o n s i s t e n t  w i t h  
a n  e q u a t o r i a l  p r o t o n  a  t o  a n  a l c o h o l  ( 6  3 . 5 4 ,  H7~) c o u p l e d  t o  a n  a x i a l  
p r o t o n  a  t o  a  b u t y r o x y  g r o u p  ( 6  5 . 3 5 ,  H6~) w h i c h  i s  f u r t h e r - - c o n n e c t e d  t o  
a n  a x i a l  a 1 i p h a t i c  p r o t o n  r e c o g n i s e d  a s  H 5 a .  
T h e  f i n a l  s t r u c t u r e  o f  A R O S S T - 3  w a s  t h e r e f o r e  s e t t l e d  a s  ( 4 1 )  t h e  
c o n f o r m a t i o n  o f  w h i c h  i s  s h o w n  i n  s t r u c t u r e  ( 4 I A ) .  
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T a b l e  1 0 . l H - 1 H  n u c l e a r  O v e r h a u s e r  e n h a n c m e n t s  i n  
A  
A R O S S T - 3  ( 4 1 ) .  
l H  i r r a d i a t e d  
H 7 f j  
H 1 4  
S i g n a l s  e n h a n c e d  ( % )  
H 6 f j ( 4 . 9 ) ,  H 1 7 a ( 3 . 6 ) ,  
H 1 4 ( 3 . 0 ) ,  O H ( 5 . l ) .  
H 7 f j ( 4 . 4 )  
( D )  A R O S S T - 4  ( 4 2 )  a n d  A R O S S T - 5  ( 4 3 )  
T w o  v e r y  s i m i l a r  c o m p o u n d s ,  A R O S S T - 4  ( 4 2 )  a n d  A R O S S T - 5  ( 4 3 ) ,  w e r e  
i s o l a t e d  b y  h . p . l . c .  a s  c o l o u r l e s s  c r y s t a l s .  H i g h  r e s o l u t i o n  m a s s  
7 0  
m a t c h i n g  o f  t h e  m o l e c u l a r  i o n  p e a k s  o f  b o t h  c o m p o u n d s  ( m / z  4 9 2 )  i n d i c a t e d  
a  m o l e c u l a r  f o r m u l a  o f  enH~o8. T h e  m a s s  s p e c t r u m  o f  b o t h  c o m p o u n d s  g a v e  
p e a k s  a t  m / z  4 6 1  a n d  3 6 2  c o r r e s p o n d i n g  t o  t h e  l o s s  o f  m e t h o x i d e  ( m e t h y l  
e s t e r )  a n d  b u t y r i c  a c i d  ( b u t y r a t e  e s t e r )  r e s p e c t i v e l y .  
f~ 
T h e  l e  n . m . r .  a n d  i . r .  s p e c t r a  w e r e  v i r t u a l l y  i d e n t i c a l  f o r  b o t h  
c o m p o u n d s .  I n  D e  n . m . r .  s p e c t r a ,  f o u r  c a r b o n y l  r e s o n a n c e s  a t  6  1 7 0 . 0 ,  
1 7 2 . 6 ,  1 7 2 . 9  a n d  1 7 5 . 3  i n  A R O S S T - 4  a n d  a t  1 7 0 . 1 ,  1 7 2 . 5 ,  1 7 2 . 6  a n d  1 7 5 . 3  i n  
A R O S S T - 5  w e r e  d u e  t o  t h e  a c e t a t e ,  b u t y r a t e ,  m e t h y l  e s t e r  a n d  ~-lactone. 
T h e  i . r .  s p e c t r u m  c o n f i r m e d  t h e  p r e s e n c e  o f  a  s t r a i n e d  ~-lactone w i t h  
s t r o n g  c d r b o n y l  a b s o r b t i o n  b a n d s  a t  1 7 7 7  c m - I  i n  A R O S S T - 4  a n d  1 7 7 6  c m - I  i n  
A R O S S T - 5 .  
T h e  I H  n . m . r .  s p e c t r u m  f o r  b o t h  c o m p o u n d s  ( F i g s  1 5  a n d  1 6 )  w e r e  a l s o  
v e r y  s i m i l a r  a n d  ~~tantiated t h e  p r e s e n c e  o f  t h e  a c e t a t e ,  b u t y r a t e  a n d  
m e t h y l  e s t e r  i n  b o t h  c o m p o u n d s .  T h e  m a j o r  d i f f e r e n c e s  b e t w e e n  t h e  t w o  
7 1  
s p e c t r a  w e r e  t h e  c h e m i c a l  s h i f t s  o f  t h e  a c e t a t e  a n d  b u t y r a t e  s i g n a l s ,  
t o g e t h e r  w i t h  t h e  p r o t o n s  a  t o  t h e s e  g r o u p s ,  a n d  t h e  c h e m i c a l  s h i f t s  o f  
H 1 3  a n d  H 1 4 .  
I n  A R O S S T - 4  t h e  a c e t a t e  r e s o n a t e s  a t  6  2 . 1 7  ( A R O S S T - 5 : 6  1 . 9 9 )  a n d  t h e  
b u t y r a t e  m e t h y l  g r o u p  a t  6  0 . 9 4  ( A R O S S T - 5 :  6  1 . 0 3 ) ,  ~-methylene 6  1 . 6 4  
( A R O S S T - 5 :  6  1 . 7 5 )  a n d  a - m e t h y l e n e  6  2 . 2 0  ( A R O S S T - 5 :  2 . 4 2 ) .  T h e  p r o t o n s  a  
t o  t h e s e  g r o u p s ,  H6~ r e s o n a t e s  a t  6  5 . 2 8  ( A R O S S T - 5 :  6  5 . 2 6 )  a n d  H7~ a t  6  
5 . 1 4  ( A R O S S T - 5 :  6  5 . 1 7 ) .  T h e  p r o t o n s  H 1 3  a n d  H 1 4  r e s o n a t e d  a s  a  t w o  
p r o t o n  m u l t i p l e t  c e n t r e d  a t  6 2 . 7 7  i n  A R O S S T - 4  w h i l e  i n  AROSST~5 t h e y  
o c c u r r e d  a t  6  2 . 7 6  a n d  2 . 8 2  r e s p e c t i v e l y .  
T h i s  l e d  t o  t h e  c o n c l u s i o n  t h a t  A R O S S T - 4  a n d  A R O S S T - 5  w e r e  
r e g i o i s o m e r s  a n d  g i v e n  s t r u c t u r e s  ( 4 2 )  a n d  ( 4 3 )  i n t e r c h a n g e a i l y .  A g a i n ,  
b e c a u s e  b o t h  H 1 3  a n d  H 1 4  w e r e  s h o w n ,  b y  a  2 D - C O S Y  s p e c t r u m  ( F i g  1 6  a n d  1 7 :  
A R O S S T - 5 )  a n d  d e c o u p l i n g  e x p e r i m e n t s  i n  t h e  l D  I H  n . m . r .  s p e c t r u m  
( A R O S S T - 4 ) ,  t o  b e  m u t u a l l y  c o u p l e d  t o  H 1 2 a ,  t h e  C  r i n g  f o r  b o t h  c o m p o u n d s  
r e s i d e s  i n  a  b o a t  c o n f o r m a t i o n  a s  i n  A R O S S T - l  ( 3 9 ) ,  - 2  ( 4 0 )  a n d  - 3  ( 4 1 ) .  
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F i g  1 7  2 D - C O S Y  s p e c t r u m  o f  
A R O S S T - 5  ( 4 3 )  ( C D C 1
3
) .  
E x p a n s i o n  o f  u p f i e 1 d  p o r t i o n .  
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2 . 5  Z · O  1 - 5  1 ' 0  
U n f o r t u n a t e l y ,  i t  w a s  i m p o s s i b l e  t o  d i s t i n g u i s h  w h i c h  o f  t h e  t w o ,  
A R O S S T - 4  o r  A R O S S T - 5 ,  w a s  t h e  a c e t a t e  o f  A R O S S T - 3 .  
7 5  
C u r i o u s l y  t h e  a - C H
2
,  b e i n g  c l o s e  t o  a  c h i r a l  c e n t r e  a n d  h e n c e  s l i g h t l y  
n o n - e q u i v a l e n t ,  u s u a l l y  i s  p r e s e n t  a s  a  s e c o n d  o r d e r  m u l t i p l e t .  H o w e v e r ,  
i n  A R O S S T - 5  t h e  a  m e t h y l e n e  p r o t o n s  a r e  e q u i v a l e n t  r e s u l t i n g  i n  a n  
i n t e r p r e t a b l e  f i r s t  o r d e r  p a t t e r n .  
T h e  p r o b l e m  o f  w h i c h  r e g i o i s o m e r  w a s  w h i c h ,  w a s  r e s o l v e d  b y  t h e  
a c e t y l a t i o n  o f  A R O S S T - 3 .  T h i s  p r o v e d  t h a t  A R O S S T - 4  w a s  i n  f a c t  t h e  
a c e t a t e  o f  A R O S S T - 3  a n d  h e n c e  h a d  s t r u c t u r e  ( 4 2 )  a n d  b y  i n f e r e n c e  A R O S S T - 5  
h a d  t h e  s t r u c t u r e  ( 4 3 )  t h e  c o n f o r m a t i o n s  o f  w h i c h  a r e  s h o w n  i n  s t r u c t u r e s  
( 4 2 A )  a n d  ( 4 3 A )  r e s p e c t i v e l y  
( E )  A R O S S T - 6  ( 4 4 )  
A R O S S T - 6  ( 4 4 )  w a s  i s o l a t e d  a s  a  c o l o u r l e s s  g l a s s .  U n f o r t u n a t e l y  t h e  
s a m p l e  a u t o o x i d i s e d  g i v i n g  t h e  a c i d  p r o d u c t  A R O S S T - 6 A  ( 4 4 A )  b e f o r e  f u l l  
s p e c t r a l  m e a s u r e m e n t s  c o u l d  b e  o b t a i n e d .  H o w e v e r ,  t h e  o x i d a t i o n  p r o d u c t  
a l s o  p r o v e d  b e n e f i c i a l  i n  a s s i g n i n g  t h e  r e g i o c h e m i s t r y  i n  A R O S S T - 6 .  
A R O S S T - 6 A  w a s  i s o l a t e d  a s  a  n e u t r a l  p o l a r  w h i t e  p o w d e r  w i t h  a  
m o l e c u l a r  f o r m u l a  CDH~06' T h e  e . i . m . s .  s h o w e d  t h e  p a r e n t  i o n ,  m / z  4 0 8 ,  
o n l y  w e a k l y  « 1 % ) .  H i g h  r e s o l u t i o n  m a s s  m a t c h i n g  o f  t w o  f r a g m e n t  i o n s ,  
m / z  3 6 6  [CDH~06 - C~O] a n d  m / z  3 4 8  [CDH~06 - C H
3
C O O H ] ,  t o g e t h e r  w i t h  t h e  
B C  n . m . r .  s p e c t r u m ,  w h i c h  s h o w e d  t w e n t y  t h r e e  c a r b o n s ,  s e r v e d  a s  p r o o f  o f  
t h e  m o l e c u l a r  f o r m u l a .  F r o m  t h e  m o l e c u l a r  f o r m u l a  t h e r e  a r e  s i x  u n i t s  o f  
u n s a t u r a t i o n .  
T h e  i . r .  s p e c t r u m  ( 1 7 3 2  cm~) t o g e t h e r  w i t h  t h e  B C  n . m . r .  s p e c t r u m  ( 6  
1 7 0 . 0 ,  1 7 4 . 2  a n d  1 7 7 . 2 )  i n d i c a t e d - t h e  p r e s e n c e  o f  t h r e e  c a r b o n y l  f u n c t i o n s .  
A n  a d d i t i o n a l  b r o a d  i . r .  a b s o r p t i o n  ( 3 5 0 0 - 2 5 0 0  c m - I )  a n d  a  b r o a d  
7 6  
s i g n a l  i n  t h e  I H  n . m . r .  s p e c t r u m  ( 6 0 M H z )  a t  6  7 . 5 0 ,  w h i c h  w a s  t e m p e r a t u r e  
d e p e n d e n t ,  i m p l i e d  o n e  o f  t h e  c a r b o n y l s  w a s  a  c a r b o x y l i c  a c i d .  I n  
a d d i t i o n ,  t w o - t h r e e  p r o t o n  s i n g l e t s  a t  6  2 . 0 7  a n d  3 . 6 4  i n  t h e  I H  n . m . r .  
s p e c t r u m  e s t a b l i s h e d  t h e  o t h e r  t w o  c a r b o n y l  f u n c t i o n  a s  a n  a c e t a t e  a n d  a  
m e t h y l  e s t e r  r e s p e c t i v e l y .  T h e  a c e t a t e  w a s  f u r t h e r  s u p p o r t e d  b y  t h e  m a s s  
s p e c t r u m  [ m / z  3 2 0 ,  ~ - C H
3
C O O H ]  a n d  a n  a d d i t i o n a l  i . r .  a b s o r p t i o n  a t  1 2 5 2  
c m - t o  
F r o m  t h e  I H  n . m . r .  s p e c t r u m  ( F i g .  l S ) ,  f o u r  q u a t e r n a r y  m e t h y l  s i n g l e t s  
a t  6  0 . 7 5  ( 2 0 M e ) ,  0 . 7 7  ( 1 9 M e ) ,  0 . S 3  ( l S M e )  1 . O S  ( 1 7 M e )  [ t h e  a s s i g n m e n t s  
b a s e d  o n  n . O . e .  r e s u l t s  ( T a b l e  1 1 ) ]  i n d i c a t e d  a  d i t e r p e n e  s t r u c t u r e  i n  
w h i c h ,  u n l i k e  t h e  p r e v i o u s  a p 1 y r o s e o 1 s ,  t h e  1 7 M e  g r o u p  r e m a i n e d  u n o x i d i s e d .  
T h e  p r o t o n  a  t o  t h e  a c e t o x y  g r o u p s  ( 6  5 . 2 9 )  w a s  c l e a r l y  v i s i b l e  a s  a  
f i n e  d o u b l e t  o f  d o u b l e t s ,  r e m i n i s c e n t  o f  e q u a t o r i a l  H7~ a d j a c e n t  t o  a  
m e t h y l e n e  a s  i n  A R O S S T - 1  ( 3 9 )  a n d  - 2  ( 4 0 ) .  F r o m  d e c o u p l i n g  e x p e r i m e n t s  
t h e  t w o  m e t h y l e n e  p r o t o n s ,  H 6 a  ( 6  1 . S 4 )  a n d  H6~ ( 6  1 . 6 S )  w e r e  l o c a t e d .  
F u r t h e r  d e c o u p 1 i n g  o f  H 6 a  t h e n  l o c a t e d  H 5 a  i n  a  t h r e e  p r o t o n  m U l t i p l e t  
c e n t r e d  a t  6  1 . 1 7 .  
O t h e r  f e a t u r e s  i n  t h e  d o w n f i e l d  r e g i o n  o f  t h e  I H  n . m . r  s p e c t r u m  w e r e  
s i g n a l s  a t  6  3 . 2 2  ( d d d ,  J  5 . 3 ,  5 . 3 ,  1 . S  H z ) ,  a  d o u b l e t  a t  6  2 . 9 0  ( J  5 . 3  
H z )  a n d  a  m u l t i p 1 e t  a t  6  2 . 3 7  ( d d d d ,  J  1 3 . 2 ,  5 . 3 ,  3 . 0 ,  1 . S  H z ) .  
D e c o u p 1 i n g  e x p e r i m e n t s  i n  t h e  I H  n . m . r .  s p e c t r u m  e s t a b l i s h e d  t h e  p r o t o n  
r e s o n a t i n g  a t  6  2 . 9 0  t o  b e  c o u p l e d  t o  t h e  p r o t o n  r e s o n a t i n g  a t  6  3 . 2 2 :  
t h i s  i n  t u r n  w a s  c o u p l e d  t o  t w o  m e t h y l e n e  p r o t o n s ,  o n e  o f  w h i c h  r e s o n a t e d  
a t  6  2 . 3 7 ,  t h e  o t h e r  w i t h i n  a  f o u r  p r o t o n  m u 1 t i p l e t  c e n t r e d  a t  6  1 . 4 2 .  
T h e  c h e m i c a l  s h i f t s  a n d  m u l t i p l i c i t i e s  o f  t h e  t w o  p r o t o n s  r e s o n a t i n g  
a t  6  2 . 9 0  a n d  3 . 2 2  a r e  c o n s i s t e n t  f o r  p r o t o n s  H 1 4  a n d  H 1 3  r e s p e c t i v e l y ,  
w h i c h  a r e  a d j a c e n t  t o  c a r b o n y l  f u n c t i o n s .  T h e  e v i d e n c e  p r e s e n t e d  
t h e r e f o r e  s u g g e s t e d  t h e  ~~uctures o f  A R O S S T - 6 A  w a s  o n e  o f  t w o  i s o m e r  
( 4 4 A )  o r  ( 4 4 B ) .  
7 7  
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H  
0 M a  
~ _ _ _  0 M e  
( 4 4 A )  
( 4 4 B )  
T h e  c i s  a s s i g n m e n t  a s  d e p i c t e d  i n  t h e  t w o  i s o m e r s  ( 4 4 A )  a n d  ( 4 4 B ) .  w a s  
s u b s t a n t i a t e d  b y  t h e  m a g n i t U d e  o f  t h e  c o u p l i n g  ( J  5 . 3  H z )  a n d  n . O . e .  
e x p e r i m e n t s :  a  n . O . e .  w a s  r e c o r d e d  f r o m  H 1 3  t o  H 1 4  a n d  v i c e  v e r s a  ( T a b l e  
1 1 ) .  T h i s  w a s  a l s o  r e a s o n a b l e  o n  b i o g e n e t i c  g r o u n d s .  
!  
~ .  
T h e  d e r i s i o n  a s  t o  w h i c h  i s o m e r  w a s  c o r r e c t  w a s  m a d e  bY"referr~ng t o  
t h e  I H  n . m . r .  s p e c t r u m  o f  A R O S S T - 6 .  
I n  t h e  I H  n . m . r .  s p e c t r u m  o f  A R O S S T - 6 ,  a  s i n g l e t  a t  6  9 . 7 7  i n d i c a t i n g  
t h e  p r e s e n c e  o f  a n  a l d e h y d e  f u n c t i o n :  w h i c h  w a s  o x i d i s e d  t o  a  c a r b o x y l i c  
a c i d .  
B y  c o m p a r i n g  t h e  t w o  I H  n . m . r  s p e c t r a ,  i t  w a s  f o u n d  t h a t  t h e  p r o t o n s  
a s s i g n e d  H 1 3  a n d  H 1 4  i n  A R O S S T - 6  w e r e  a t  6  3 . 1 6  a n d  2 . 6 3  r e s p e c t i v e l y ;  i n  
A R O S S T - 6 A  t h e y  w e r e  a t  6  3 . 2 2  a n d  2 . 9 0  r e s p e c t i v e l y .  
T h e r e f o r e ,  s i n c e  t h e  p r o t o n  H 1 4  w a s  f o u n d  t o  b e  m o r e  d o w n f i e l d  o n  
o x i d a t i o n  o f  t h e  a l d e h y d e  t o  t h e  c a r b o x y l i c  a c i d  i t  u n e q u i v o c a l l y  p r o v e s  
t h e  s t r u c t u r e  o f  A 9 0 S S T - 6 A  a s  ( 4 4 A )  a n d  h e n c e  t h e  n a t u r a l  p r o d u c t  i s o l a t e d  
w a s  ( 4 4 ) .  
H  0  
~OMe 
U>~1'"f 
, 1  
, q  U
4
-
I~]/-f ~l 
J j -~ D  ( t t . -
, J J  ( \  
\  
( 4 4 )  
T a b l e  1 1 . l H - 1 H  n u c l e a r  O v e r h a u s e r  e n h a n c e m e n t s  i n  
A R O S S T - 6 A  ( 4 4 A ) .  
l H  i r r a d i a t e d  
H7~ 
H 1 3  
H 1 4  
1 7 M e  
1 8 M e  
1 9 M e  
2 0 M e  
S i g n a l s  e n h a n c e d  ( % )  
1 7 M e ( 4 . 6 ) .  
H 1 4 ( 7 ) ,  H12~(2.8). 
H 1 3 ( 8 )  .  
1 8 M e ( 2 . 6 ) ,  H7~(2 . 3), 
H6~+Hll~(3 . 1 ) .  *  
1 7 M e ( 2 . 3 ) .  
H3~(O.9), H6~(2.4), 
H 6 a ( O . 7 ) .  
H S a ( 2 . 4 ) ,  H3~(O . 8) 
H 6 a . { 2 . S ) .  
*  T h e s e  ~rotons a r e  s u p e r i m p o s e d  s o  t h e  p e r c e n t a g e  
i s  c o l l e c t i v e  
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8 0  
( F )  A R R O S T - 7  ( 4 5 )  
A R O S S T - 7  w a s  i s o l a t e d  a s  a  c o l o u r l e s s  g u m  w i t h  m o l e c u l a r  f o r m u l a  
CnH~05' T h e  h i g h e s t  p e a k  i n  t h e  e . i . m . s .  w a s  a t  m / z  3 7 9  « 1 % )  d u e  t o  t h e  
l o s s  o f  a  p r o t o n  f r o m  t h e  m o l e c u l a r  i o n .  T h e  m o l e c u l a r  f o r m u l a  w a s  
d e t e r m i n e d  f r o m  t h e  h i g h  r e s o l u t i o n  m a s s  m a t c h i n g  o f  t h e  m / z  3 2 0  [ M +  -
C H
3
C O O H ]  a n d  m / z  3 0 2  [ M +  - C H
3
C O O H  - H
2
0 ]  p e a k s .  T h e  m o l e c u l a r  f o r m u l a  w a s  
f u r t h e r  s u p p o r t e d  b y  t h e  D C  n . m . r .  ( D E P T  a n d  N O R D )  i n  w h i c h  2 2  c a r b o n s  
w e r e  i n d i c a t e d  w i t h  3 5  p r o t o n s  a t t a c h e d :  i n t e g r a t i o n  o f  t h e  I H  n . m . r .  
s p e c t r u m  i n d i c a t e d  t h i r t y  s i x  p r o t o n s  h e n c e  o n e  p r o t o n  w a s  a t t a c h e d  t o  a n  
o x y g e n .  F r o m  t h e  m o l e c u l a r  f o r m u l a  f i v e  u n i t s  o f  u n s a t u r a t i o n  w e r e  
p r e s e n t .  
A  s t r o n g  c a r b o n y l  a b s o r p t i o n  i n  t h e  i . r .  s p e c t r u m  a t  1 7 3 2  cm~ 
t o g e t h e r  w i t h  t w o  c a r b o n y l  s i g n a l s  i n  t h e  D C  n . m . r .  a t  0  1 6 9 . 9  a n d  1 7 4 . 1 ,  
i n d i c a t e d  t h e  p r e s e n c e  o f  t w o  e s t e r  f u n c t i o n s .  
A n  a b s o r p t i o n  a t  1 2 3 1  cm~ a n d  a  t h r e e  p r o t o n  s i n g l e t  a t  0  2 . 1 3  i n  t h e  
I H  n . m . r .  s p e c t r u m  ( F i g .  1 9 )  s u b s t a n t i a t e d  o n e  o f  t h e  e s t e r  f u n c t i o n s  a s  
a n  a c e t a t e .  T h e  e . i . m . s .  a l s o  s h o w e d  p r o m i n e n t  l o s s  o f  a c e t i c  a c i d  ( 6 0  
d a l t o n s )  g i v i n g  t h e  p e a k  a t  m / z  3 2 0 .  S i n c e  t h e  a c e t o x y  g r o u p  f r a g m e n t s  
w i t h  t h e  f u l l  l o s s  o f  a c e t i c  a c i d ,  t h e r e  m u s t  b e  a  ~-proton a v a i l a b l e  f o r  
~-elimination; h e n c e  p a r t i a l  s t r u c t u r e  ( A )  o c c u r s .  
H  
( A )  
A n o t h e r  t h r e e  p r o t o n  s i n g l e t  a t  0  3 . 6 7  i n  t h e  I H  n . m . r .  s p e c t r u m  a n d  a  
m e t h y l  s i g n a l  i n  t h e  D c  n . m . r .  ( D E P T )  a t  0  5 1 . 3  d i s c l o s e d  t h e  o t h e r  
c a r b o n y l  f u n c t i o n  a s  a  m e t h y l  e s t e r .  
8 1  
T h e  p r e s e n c e  o f  a n  a l c o h o l  f u n c t i o n ,  a l r e a d y  s u g g e s t e d  b y  t h e  D c  
n . m . r .  ( o n l y  t h i r t y  f i v e  p r o t o n s  a t t a c h e d  t o  c a r b o n s )  w a s  c o n f i r m e d  b y  t h e  
i . r .  s p e c t r u m  ( ' O H  3 4 2 0  c m - I )  a n d  t h e  I H  n . m . r .  s p e c t r u m  w h i c h  s h o w e d  a  
b r o a d  s i n g l e t  a t  6  3 . 9 1  w h i c h  e x c h a n g e d  w i t h  D
2
0 .  T h e  e . i . m . s .  a l s o  
s h o w e d  a  p r o m i n e n t  p e a k  a t  m / z  3 0 2  d u e  t o  t h e  i n i t i a l  l o s s  o f  a c e t i c  a c i d  
a n d  s u b s e q u e n t  l o s s  o f  w a t e r  ( 1 8  d a l t o n s )  f r o m  t h e  m o l e c u l a r  i o n .  
T h e  U e  n . m . r .  s p e c t r u m ,  s h o w i n g  t w o  s i g n a l s  a t  6 C  7 7 . 8  a n d  8 0 . 4 ,  a l s o  
c o n f i r m e d  t h e  p r e s e n c e  o f  t w o  c a r b o n s  b e a r i n g  o x y g e n s  ( a c e t a t e  a n d  
a l c o h o l ) .  
T h e  a l c o h o l ,  a c e t a t e  a n d  m e t h y l  e s t e r  a c c o u n t e d  f o r  a l l  t h e  f i v e  
o x y g e n s  a s  w e l l  a s  t w o  u n i t s  o f  u n s a t u r a t i o n .  S i n c e  t h e  a c e t a t e  a n d  t h e  
m e t h y l  g r o u p  o f  t h e  m e t h y l  e s t e r  a c c o u n t  f o r  t h r e e  o f  t h e  2 2  c a r b o n s  t h e  
b a s i c  h y d r o c a r b o n  s k e l e t o n  m u s t  c o n t a i n  o n l y  1 9  c a r b o n s .  A s  t h e r e  a r e  
t h r e e  u n i t s  o f  u n s a t u r a t i o n  u n a c c o u n t e d  f o r ,  t h e  p a r e n t  h y d r o c a r b o n  m u s t  
b e  t r i c y c l i c .  
T h e  t r i c y c l i c  d i t e r p e n e  s t r u c t u r e  ( T )  o f  a  d e g r a d e d  s p o n g i a n  s y s t e m  
w a s  t h e r e f o r e  p r o p o s e d .  T h i s  w a s  i n d i c a t e d  b y  t h e  p r e s e n c e  i n  t h e  I H  
n . m . r .  s p e c t r u m  o f  f o u r  m e t h y l  g r o u p s  ( 6 H  0 . 7 6 ,  0 . 7 8 ,  0 . 8 2  a n d  0 . 8 4 )  a n d  a  
d o u b l e t  o f  d o u b l e t s  a t  6  4 . 8 6  ( J  2 . 8 ,  2 . 8  H z )  r e m i n i s c e n t  o f  H7~ i n  
A R O S S T - l  ( 3 9 )  a n d  - 2  ( 4 0 ) ,  a n d  b y  a n a l o g y  w i t h  p r e v i o u s l y  i s o l a t e d  
s p o n g i a n  d i t e r p e n e s .  T h e r e f o r e  p a r t i a l  s t r u c t u r e  ( T )  w a s  e n v i s a g e d .  
~. 
( T )  
8 2  
T h e  p r e s e n c e  o f  a  p r o t o n  a  t o  t h e  a l c o h o l  w a s  c l e a r l y  e v i d e n t  i n  t h e  
I H  n . m . r .  s p e c t r u m  a s  a  d o u b l e t  a t  6  4 . 1 2  (~ 2 . 8  H z ) .  T h i s  p r o t o n  w a s  
c o u p l e d  t o  a  p r o t o n  r e s o n a t i n g  a s  a  f i n e  d o u b l e t  o f  d o u b l e t  o f  d o u b l e t s  
( c o u p l i n g  c o u l d  n o t  b e  r e s o l v e d )  a t  6  2 . 6 3 :  t h i s  s i g n a l  i n  t u r n  s h o w e d  
f u r t h e r  c o u p l i n g  f r o m  t w o  p r o t o n s  r e s o n a t i n g  a s  a  b r o a d  d o u b l e t  a t  6  2 . 1 0  
( J  1 4  H z )  a n d  a n  o v e r l a p p i n g  t w o  p r o t o n  m u l t i p l e t  a t  6  1 . 8 6 .  
A s  t h e  p r o t o n  a  t o  t h e  a l c o h o l  c o n t a i n e d  o n l y  o n e  c o u p l i n g ,  i t  w a s  
e v i d e n t  t h a t  t h e  a l c o h o l  w a s  ~ t o  a  q u a t e r n a r y  c a r b o n .  T h e  c h e m i c a l  s h i f t  
o f  t h e  p r o t o n  a t  6  2 . 6 3  i n d i c a t e d  t h a t  i t  m u s t  b e  a  t o  t h e  m e t h y l  e s t e r  
g r o u p ;  t h e r e f o r e  t h e  m e t h y l  est~er g r o u p  i s  ~ t o  t h e  a l c o h o l  f u n c t i o n .  
T h e r e f o r e  t h e  s t r u c t u r e  o f  A R O S S T - 7 ,  w i t h o u t  s t e r e o c h e m i s t r y  a t  C 1 4  w a s  
e x t e n d e d  t o  ( U ) .  
o  
O C H
3  
( U )  
A  2 D - C O S Y  s p e c t r u m  ( F i g .  1 9  a n d  2 0 )  w a s  o b t a i n e d  w h i c h  s h o w e d  a l l  t h e  
c o n n e c t i v i t i e s  a l r e a d y  d e t e r m i n e d  b y  d e c o u p l i n g  e x p e r i m e n t s  i n  t h e  l D  
s p e c t r u m .  I n  a d d i t i o n  t h e  2 D - C O S Y  s p e c t r u m  t o g e t h e r  w i t h  n . O . e .  
e x p e r i m e n t s  e n a b l e d  t h e  c h e m i c a l  s h i f t s  o f  a l l  p r o t o n s  t o  b e  a s s i g n e d .  
N . O . e .  e x p e r i m e n t s  ( T a b l e  1 2 )  a l s o  s u b s t a n t i a t e d  t h e  r e l a t i v e  
$ + Y o M V / ' l  
s t e r e o c h e m i s t r y  w i t h i n  partial~(45) a n d  e s t a b l i s h e d  t h e  r e l a t i v e  
s t e r e o c h e m i s t r y  a t  C 1 4 .  
T h e  e q u a t o r i a l  a n d  ~-face assi~ent o f  H7~ w a s  c o n f i r m e d  b y  a  n . O . e .  
e n h a n c e m e n t  f r o m  l 6 M e .  A  n . O . e .  e n h a n c e m e n t  f r o m  l 6 M e  t o  H 1 4  a n d  v i c e  
v e r s a  a l s o  s h o w e d  t h a t  H 1 4  i s  ~-face d i s p o s e d .  T h i s  a s s i g n m e n t  w a s  
r e i n f o r c e d  b y  m u t u a l  n . O . e .  e n h a n c e m e n t s  b e t w e e n  o f  H 1 4  a n d  H7~ w h i c h  
c o u l d  o n l y  o c c u r  i f  H 1 4  w a s  e q u a t o r i a l :  ~ f a c e  d i s p o s e d .  
8 3  
F u r t h e r m o r e ,  u p o n  i r r a d i a t i o n ,  l 7 M e  g a v e  a  n . O . e .  t o  H6~ a n d  Hll~; 
1 9 M e  g a v e  a n  n . O . e .  t o  H s a  H 3 a  a n d  H 6 a ;  H s a  a n d  H l a  b o t h  g a v e  a  n . O . e .  t o  
H 9 a .  T h e s e  n . O . e .  e x p e r i m e n t s  i n  c o n j u n c t i o n  w i t h  t h e  2 D - C O S Y  a l l o w e d  t h e  
c h e m i c a l  s h i f t s  o f  t h e  p r o t o n s  o n  C l ,  C 3 ,  C 6 ,  C 9  a n d  C l l  t o  b e  a s s i g n e d .  
T h e  o n l y  o t h e r  c h i r a l  c e n t r e  y e t  t o  b e  a s s i g n e d  i s  C 1 3 .  T h e  r e l a t i v e  
s t e r e o c h e m i s t r y  o f  t h i s  s i t e  i s  p r o b a b l y  a s  d e p i c t e d  i n  ( 4 5 )  b a s e d  o n  
b i o g e n e t i c  a r g u m e n t s
D  
a n d  b y  a n a l o g y  w i t h  o t h e r  a p l y r o s e o l  c o m p o u n d s .  
T h e r e f o r e  t h e  f i n a l  s t r u c t u r e  o f  A R O S S T - 7  w a s  s e t t l e d  a s  ( 4 5 ) .  
H  0  
' .  
T a b l e  1 2 .  l H - 1 H  n u c l e a r  O v e r h a u s e r  e n h a n c e m e n t s  i n  
A R O S S T - 7  ( 4 5 ) .  
l H  i r r a d i a t e d  
S i g n a l s  enhanced~%) 
H l a  H 9 a ( 6 . l ) .  
H s a  H 9 a ( 6 . 8 ) .  
H7~ 
H 1 4 ( 4 . s ) ,  l 7 M e ( 3 . 8 ) .  
H 1 4  
H7~(4.1), l 7 M e ( 3 . 9 ) .  
1 7 M e  
H6~(2.4), Hll~(2.9). 
H 1 4 ( 2 . 9 ) ,  H7~(2.8). 
2 0 M e  H s a + H 3 a ( 3 . s )  ,  H 6 a ( 2 . 3 ) .  
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F i g  2 0  :  2 D - C O S Y  s p e c t r u m  o f  
A R O S S T - 7  ( 4 5 )  (CDCl~20). 
E x p a n s i o n  o f  u p f i e l d  p o r t i o n .  
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8 6  
( G )  A R O S S T - S  ( 4 6 )  
A R O S S T - B  ( 4 6 )  w a s  i s o l a t e d  a s  a  c o l o u r l e s s  g u m  w h i c h  c r y s t a l l i s e d  o n  
s t a n d i n g  a n d  h a d  a  m o l e c u l a r  f o r m u l a  C~~05' T h e  h i g h e s t  p e a k  i n  t h e  
e . i . m . s .  w a s  a t  m j z  3 4 B  « 1 % )  d u e  t o  t h e  l o s s  o f  m e t h a n o l  f r o m  t h e  
m o l e c u l a r  i o n .  T h e  m o l e c u l a r  f o r m u l a  C~~05 w a s  c o n f i r m e d  b y  h i g h  
r e s o l u t i o n  m a s s  m a t c h i n g  o f  t h e  m j z  3 2 0  [ M +  - C H
3
C O O H )  a n d  m j z  3 0 2  [ M +  -
C H
3
C O O H  - H
2
0 )  p e a k s .  T h e  B c  n . m . r .  s p e c t r u m  ( n o i s e  d e c o u p l e d  a n d  O E P T  
s e q u e n c e )  s h o w e d  t h e  p r e s e n c e  o f  2 2  c a r b o n s  w i t h  3 5  p r o t o n s  a t t a c h e d .  T h e  
I H  n . m . r .  s p e c t r u m  i n d i c a t e d  3 6  p r o t o n s  a n d  h e n c e  o n e  p r o t o n  w a s  a t t a c h e d  
t o  a n  o x y g e n .  
I n  t h e  I H  n . m . r .  s p e c t r u m  ( F i g  2 1  a n d  2 2 ) ,  c h a r a c t e r i s t i c  s i g n a l s  
p e r t a i n i n g  t o  t h e  A  a n d  B  r i n g s  a n d  t h e  m e t h y l  e s t e r  o f  A R O S S T - 7  ( 4 5 )  w e r e  
p r e s e n t  i n  A R O S S T - B .  T h i s  i n c l u d e s  a n  a c e t a t e  s i n g l e t  a t  6  2 . 1 0 ,  a  f i n e  
d o u b l e t  o f  d o u b l e t s  a t  6  4 . 9 6  r e c o g n i z e d  a s  t h e  p r o t o n  H7~ ( a  t o  a n  
a c e t a t e  f u n c t i o n )  a n d  a  t h r e e  p r o t o n  s i n g l e t  a t  6  3 . 7 4  d u e  t o  t h e  m e t h y l  
e s t e r .  
F o u r  q u a t e r n a r y  m e t h y l  s i n g l e t s  ( 6  0 . 7 7 ,  0 . 7 B ,  0 . 7 9  a n d · O . B 3 )  t o g e t h e r  
w i t h  a  m u l t i p l e t  r e m i n i s c e n t  o f  H l a  ( 6  O . B B )  f u r t h e r  c o n f i r m e d  t h e  
p r e s e n c e  i n  A R O S S T - B  o f  t h e  A  a n d  B  r i n g s  o f  ( 4 5 ) .  T h e  m e t h y l  e s t e r  w a s  
i n d i c a t e d  b y  a  t h r e e  p r o t o n  s i n g l e t  a t  6  3 . 7 4 .  
T h e  a l c o h o l  f u n c t i o n  a l r e a d y  s u g g e s t e d  b y  t h e  D C  n . m . r .  s p e c t r u m  ( o n l y  
3 5  p r o t o n s  c o n n e c t e d  t o  c a r b o n s )  w a s  c o n f i r m e d  b y  t h e  I H  n . m . r .  s p e c t r u m  
w h i c h  s h o w e d  a  s h a r p  d o u b l e t  a t  6  4 . 1 0  w h i c h  e x c h a n g e d  w i t h  O
2
° .  B o t h  t h e  
O
2
°  e x c h a n g e d  s p e c t r u m ,  a s  w e l l  a s  d e c o u p l i n g  e x p e r i m e n t s  i n  t h e  I H  n . m . r .  
s p e c t r u m ,  r e v e a l e d  t h e  h y d r o x y l  p r o t o n  t o  b e  c o u p l e d  t o  a  p r o t o n  
r e s o n a t i n g  a t  6  3 . B 2  ( H 1 4 )  w h i c h  w a s  f u r t h e r  s h o w n ,  b y  d e c o u p l i n g  
e x p e r i m e n t s  a n d  t h e  2 0  C O S Y  s p e c t r u m  ( F i g  2 1  a n d  2 2 ) ,  t o  b e  c o u p l e d  t o  a  
p r o t o n  r e s o n a t i n g  a t  6  2 . S 2  ( H 1 3 ) .  T h i s  p r o t o n  i n  t u r n  w a s  f u r t h e r  
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c o u p l e d  t o  t w o  p r o t o n s ,  o n e  r e s o n a t i n g  a t  6  2 . 2 7  (H12~) a n d  t h e  o t h e r  
r e s o n a t i n g  w i t h i n  a  f i v e  p r o t o n  m U l t i p l e t  c e n t r e d  a t  6  1 . 4 3  ( H 1 2 o ) .  
8 9  
T h u s  A R O S S T - 8  w a s  f o u n d  t o  b e  a n  i s o m e r  o f  A R O S S T - 7  ( 4 5 )  a n d  a s s i g n e d  
t h e  s t r u c t u r e  ( 4 6 ) .  T h e  r e l a t i v e  s t e r e o c h e m i s t r y  o f  ( 4 6 )  w a s  b a s e d  o n  
t h a t  o f  A R O S S T - 7  w i t h  H 1 4  a s s i g n e d  t o  t h e  o - f a c e  b y  i n f e r e n c e  f r o m  
c o u p l i n g  c o n s t a n t  b e t w e e n  H 1 3  a n d  1 4  ( J  6 . 3  H z ) .  A l l  o t h e r  s p e c t r a l  d a t a  
w a s  c o n s i s t e n t  w i t h  t h e  p r o p o s e d  s t r u c t u r e .  
H  °  
O M s  
( 4 6 )  
( H O  A R O S S T - 9  ( 4 7 ) .  
A  v e r y  m i n o r  c o n s t i t u e n t  i s o l a t e d  f r o m  t h e  s p o n g e  w a s  A R O S S T - 9  ( 4 7 ) .  
T h e  m o l e c u l a r  f o r m u l a  C~~04 w a s  d e t e r m i n e d  b y  h i g h  r e s o l u t i o n  m a s s  
m a t c h i n g  o f  t h e  m o l e c u l a r  i o n  p e a k ,  m l z  3 6 2  i n  t h e  e . i . m . s .  T h e r e  a r e  s i x  
u n i t s  o f  u n s a t u r a t i o n  i n  t h e  s t r u c t u r e .  
T h e  p r e s e n c e  o f  a n  a c e t a t e  w a s  i n d i c a t e d  b y  t h e  I H  n . m . r .  s p e c t r u m  
( F i g  2 3  a n d  2 4 )  w h i c h  s h o w e d  a  t h r e e  p r o t o n  s i n g l e t  a t  6  2 . 1 0 .  
T h i s  w a s  
f u r t h e r  s u b s t a n t i a t e d  b y  t h e  m a s s  s p e c t r u m  w h i c h  s h o w e d  t w o  f r a g m e n t a t i o n  
i o n s  a t  m l z  3 2 0  ( C
2 0
H
3 2
0
3
)  a n d  3 0 2  ( C
2 0
H
3 0
0
2
) ,  t h e  m o l e c u l a r  f o r m u l a e  b e i n g  
e s t a b l i s h e d  b y  h i g h  r e s o l u t i o n  m a s s  m a t c h i n g  a n d  c o r r e s p o n d e d  t o  t h e  l o s s  
o f  k e t e n e  a n d  a c e t i c  a c i d  r e s p e c t i v e l y .  T h e  p r e s e n c e  o f  a  m a j o r  p e a k  d u e  
t o  t h e  l o s s  o f  k e t e n e  ( m l z  3 0 2 )  s u g g e s t e d  t h e  . = e t o x y  g r o u p  h a d  n o  
~-hydrogen a v a i l a b l e  t o  u n d e r g o  ~-e1imination. 
9 0  
T h e  p r e s e n c e  o f  o n l y  t h r e e  q u a t e r n a r y  m e t h y l  g r o u p s  w a s  i n d i c a t e d  b y  
t h e  I H  n . m . r .  s p e c t r u m  w h i c h  s h o w e d  t h r e e  m e t h y l  s i n g l e t s  a t  6  0 . 8 1 ,  0 . 8 6  
a n d  1 . 0 2 .  T h e  a b s e n c e  o f  a  f o u r t h  q u a t e r n a r y  m e t h y l  s i g n a l  a n d  t h e  
p r e s e n c e  o f  a n  A B  s y s t e m  c e n t r e d  a t  6  4 . 4 9  i n d i c a t e d  t h e  C 1 7  m e t h y l  g r o u p s  
w a s  o x i d i s e d  a n d  c o n t a i n e d  t h e  a c e t a t e  f u n c t i o n .  
T h e  l a c t o n e  0  r i n g  o f  ( 4 7 ) ,  w i t h  t h e  c a r b o n y l  a t  C 1 6  ( a s  o p p o s e d  t o  
C 1 5 ) ,  w a s  i n d i c a t e d  b y  a  p a i r  o f  d o u b l e t  o f  d o u b l e t s  i n  t h e  I H  n . m . r .  
s p e c t r u m  a t  6  3 . 9 9  ( J  1 1 . 6 ,  7 . 1  H z )  ( H 1 5 a )  a n d  4 . 3 4  ( J  1 1 . 6 ,  4 . 3  H z )  
(H15~) w h i c h  a r e  c o n s i s t e n t  w i t h  a  m e t h y l e n e  a  t o  a n  o x y g e n  f u n c t i o n  a n d  
r e m i n i s e n t  o f  t h e  0  r i n g s  i n  t h e  l a c t o n e s  ( 3 5 )  a n d  ( 3 6 ) .  T h e s e  p r o t o n s  
w e r e  s h o w n  b y  d e c o u p l i n g  e x p e r i m e n t s  i n  t h e  1 0  I H  n . m . r .  s p e c t r u m  a n d  f r o m  
t h e  2 D - C O S Y  s p e c t r u m  ( F i g .  2 3  a n d  2 4 ) ,  t o  b e  g e m i n a l l y  c o u p l e d  t o g e t h e r  
a n d  m u t u a l l y  c o u p l e d  t o  a  p r o t o n  r e s o n a t i n g  a t  6  1 . 7 4  ( H 1 4 ) .  T h i s  p r o t o n  
i n  t u r n  d i s p l a y e d  f u r t h e r  c o u p l i n g  t o  a  p r o t o n  r e s o n a t i n g  a s  a  f i n e  s e c o n d  
o r d e r  m u l t i p l e t  a t  6  2 . 8 4  ( H 1 3 )  ,  t h e  c h e m i c a l  s h i f t  o f  w h i c h  w a s  
c o n s i s t e n t  w i t h  a  p r o t o n  a  t o  a  c a r b o n y l  g r o u p .  T h i s  p r o t o n  i n  t u r n  
e x h i b i t e d  f u r t h e r  c o u p l i n g  w i t h  t w o  p r o t o n s ,  r e s o n a t i n g  a s  a  s e c o n d  o r d e r  
m u l t i p l e t  a t  6  2 . 1 4  (H12~) a n d  w i t h i n  a n  o v e r l a p p i n g  t h r e e  p r o t o n  
m u l t i p l e t  a t  6  1 . 7 3  ( H 1 2 a ) .  T h e  s e c o n d  o r d e r  p a t t e r n  o b s e r v e d  f o r  H 1 3  a n d  
H12~ b e i n g  i m p o s e d  b y  v i r t u a l  c o u p l i n g  d u e  t o  ~the c l o s e  p r o x i m i t y  o f  
H 1 2 a  a n d  H I l a  b o t h  s i t u a t e d  a t  6  1 . 7 3 .  
T h e  2 0 - C O S Y  s p e c t r u m  a l s o  r e v e a l e d  t w o  l o n g  r a n g e  ' W '  c o u p l i n g s  a n d  
t o g e t h e r  w i t h  n . O . e .  e x p e r i m e n t s  e n a b l e d  t h e  r e l a t i v e  s t e r o c h e m i s t r y  o f  
( 4 7 )  t o  b e  d e t e r m i n e d .  
T h e  s m a l l  ' W '  c o u p l i n g  b e t w e e n  H 1 7 a  ( 6  4 . 0 9 )  a n d  H 9 a  ( 6  1 . 1 4 )  o f  J . l . 5  
H z ,  a n d  b e t w e e n  H 1 7 b  ( 6  4 . 8 9 )  a n d  H 1 4  ( 6  1 . 7 4 )  o f  J  1 . 8  H z  c o n s e q u e n t l y  
s h o w e d  H 1 7 a  a n d  l 7 b  t o  b e  ~ f a c e  d i s p o s e d  w h i l e  H 1 4  a n d  9  a r e  a  f a c e  
d i s p o s e d .  T h e  c i s  c o n f i g u r a t i o n  be~en H 1 3  a n d  H 1 4  w a s  b a s e d  o n  t h e  f i n e  
s e c o n d  o r d e r  m U l t i p l e t  o b s e r v e d  f o r  H 1 3 ( 6  2 . 8 4 ) ,  w h i c h  h e n c e  o n l y  c o n t a i n s  
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E x p a n s i o n  o f  u p f i e l d  p o r t i o n .  
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9 2  
I . D  
s m a l l  c o u p l i n g s  ( t h e  r e v e r s e  t r a n s  c o n f i g u r a t i o n  w o u l d  h a v e  g i v e n  t w o  
l a r g e  t r a n s - d i a x i a l  c o u p l i n g s ) .  
9 3  
A  n . O . e .  ( T a b l e  1 3 )  o b s e r v e d  b e t w e e n  l 8 M e  a n d  H17~ ( 6  4 . 8 9 )  a n d  1 9 M e  
c o n f i r m e d  t h a t  t h e s e  g r o u p s  w e r e  d i s p o s e d  o n  t h e  ~-face. T h e  
c o n f i g u r a t i o n  a t  C S  w a s  b a s e d  o n  b i o g e n e t i c  c o n s i d e r a t i o n s .  T h e r e f o r e  t h e  
f i n a l  s t r u c t u r e  o f  A R O S S T - 9  w a s  s e t t l e d  a s  ( 4 7 ) .  
H  0  
( 4 7 )  
T a b l e  l 3 .
l
H - l H  n u c l e a r  O v e r h a u s e r  e n h a n c e m e n t s  i n  
A R O S S T - 9  ( 4 7 ) .  
l H  i r r a d i a t e d  
H 1 7 b  
l 8 M e  
( I )  A R O S S T - 1 0  
S i g n a l s  e n h a n c e d  ( % )  
l 8 M e ( 7 ) .  
1 9 M e ( 2 ) ,  H 1 7 b ( 4 ) .  
A R O S S T - l O  ( 4 8 )  w a s  i s o l a t e d  a s  a  c o l o u r l e s s  g u m  w i t h  a  m o l e c u l a r  
f o r m u l a  C~~Os. T h e  h i g h e s t  p e a k  i n  t h e  e . i . m . s .  a t  m / z  3 6 0  w a s  d u e  t o  
t h e  l o s s  o f  a  m o l e c u l e  o f  w a t e r .  T h e  f i r s t  t w o  m a j o r  f r a g m e n t s  w e r e  a t  
m / z  3 1 8 ,  d u e  t o  t h e  l o s s  o f  a  m o l e c u l e  o f  a c e t i c  a c i d  f r o m  t h e  m o l e c u l a r  
i o n ,  a n d  a t  m / z  3 0 0  d u e  t o  t h e  s u b s e q u e n t  l o s s  o f  a  m o l e c u l e  o f  w a t e r  f r o m  
9 4  
t h e  m j z  3 1 8  p a r e n t  i o n .  T h e  m o l e c u l a r  f o r m u l a  w a s  d e t e r m i n e d  f r o m  t h e  
h i g h  r e s o l u t i o n  m a s s  m a t c h i n g  o f  t h e  m j z  3 1 8  (C~H~03) a n d  m j z  3 0 0  
(C~H~02) a n d  m j z  3 0 0  (C~H~02) p e a k s ,  a n d  f r o m  t h e  B C  n . m . r .  a n d  I H  n . m . r .  
s p e c t r a  w h i c h  s h o w e d  2 2  c a r b o n s  ( n o i s e  d e c o u p l e d  s p e c t r a )  a n d  3 4  p r o t o n s  
r e s p e c t i v e l y .  F r o m  t h e  m o l e c u l a r  f o r m u l a  t h e r e  a r e  s i x  u n i t s  o f  
u n s a t u r a t i o n  p r e s e n t .  
T h e  a c e t o n y l ,  ~-lactone a n d  h y d r o x y l  g r o u p s  g a v e  r i s e  t o  a b s o r p t i o n s  
i n  t h e  i . r .  s p e c t r u m  a t  1 7 2 6 ,  1 7 7 5  a n d  3 3 6 3  c m -
1  
r e s p e c t i v e l y .  T h e  
a c e t o n y l  a n d  ~-lactone w e r e  f u r t h e r  s u b s t a n t i a t e d  b y  t w o  c a r b o n y l  s i g n a l s  
i n  t h e  B C  n . m . r .  s p e c t r u m  a t  6  1 7 0 . 8  a n d  1 7 8 . 6  r e s p e c t i v e l y .  I n  t h e  I H  
n . m . r .  s p e c t r u m  ( F i g .  2 5 )  t h e  a c e t o x y l  m e t h y l  r e s o n a t e d  a s  a  t h r e e  p r o t o n  
s i n g l e t  a t  6  2 . 1 3 .  A  b r o a d  s i n g l e t  a t  6  3 . 7 7  w h i c h  w a s  a l s o  t e m p e r a t u r e  
d e p e n d e n t  f u r t h e r  s u b s t a n t i a t e d  t h e  h y d r o x y l  g r o u p .  
T h e  a c e t a t e ,  ~lactone a n d  h y d r o x y l  g r o u p  a c c o u n t e d  f o r  a l l  f i v e  
o x y g e n s  a n d  t w o  u n i t s  o f  u n s a t u r a t i o n .  A s  n o  f u r t h e r  u n s a t u r a t i o n  w a s  
i n d i c a t e d  ( B C  n . m . r  a n d  i . r .  s p e c t r a )  t h e  r e m a i n i n g  C~ h y d r o c a r b o n ,  
c o n t a i n i n g  f o u r  u n i t s  o f  u n s a t u r a t i o n ,  m u s t  b e  t e t r a c y c l i c .  T h e  I H  n . m . r .  
s p e c t r u m  a l s o  s h o w e d  f o u r  q u a t e r n a r y  m e t h y l  s i g n a l s  a n d  b y  a n a l o g y  w i t h  
t h e  s t r u c t u r e s  o f  o t h e r  aplyrose~l m e t a b o l i t e s  p a r t i c u l a r l y  l a c t o n e  ( 3 5 )  
a n d  A R O S S T - 9  ( 4 7 ) ,  A R O S S T - l O  a l s o  c o n t a i n s  t h e  s p o n g i a n  s k e l e t o n  ( 1 0 ) .  
T h e  I H  n . m . r .  s p e c t r u m  a l s o  c o n t a i n e d  t w o  o t h e r  s i g n a l s ,  a p a r t  f r o m  
t h e  h y d r o x y l  s i g n a l  ( 6  3 . 7 7 ) ,  i n  t h e  d o w n f i e l d  r e g i o n .  T h e  f i r s t ,  a  f i n e  
d o u b l e t  o f  d o u b l e t s  a t  6  5 . 0 5  ( J  2 . 9 ,  2 . 9  H z ) ,  w h i c h  t o g e t h e r  w i t h  a  
s i g n a l  i n  t h e  B C  n . m . r .  s p e c t r u m  a t  6  7 4 . 1 ,  w a s  r e m i n i s c e n t  o f  H7~ i n  t h e  
s t r u c t u r e s  o f  s u c h  a p l y r o s e a l s  a s  ( 3 0 ) ,  ( 3 5 )  a n d  ( 3 6 ) .  H e n c e  t h e  a c e t o n y l  
g r o u p  w a s  a s s i g n e d  t o  C 7 .  T h e  r e m a i n i n g  d o w n f i e l d  s i g n a l ,  r e s o n a t i n g  a s  a  
b r o a d  s i n g l e t  ( W
h h  
5  H z )  a t  6  5 . 5 6 ,  t o g e t h e r  w i t h  a  s i g n a l  i n  t h e  B C  
n . m . r .  s p e c t r u m  at~.96.6, i n d i c a t e d  t h e  p r e s e n c e  o f  a  h e m i a c e t a l ,  t h e  
h e m i a c e t a l  a l c o h o l  b e i n g  p l a c e d  i n  t h e  a - f a c e  d u e  t o  a  z e r o  c o u p l i n g  a n d  
h e n c e  o r t h o g o n a l  g e o m e t r y  o f  t h e  h e m i a c e t a l  p r o t o n  t o  t h e  a d j a c e n t  
p r o t o n .  S t r u c t u r e s  ( 4 8 )  a n d  ( 4 8 A )  w e r e  t h e r e f o r e  s u g g e s t e d .  
o  
I  
( 4 8 )  ( 4 8 A )  
9 5  
T h e  a s s i g n m e n t  o f  s t r u c t u r e  ( 4 8 )  t o  A R O S S T - l O  w a s  b a s e d  o n  t h e  
c h e m i c a l  s h i f t  o f  H 1 3 ,  H 1 4  a n d  H12~, f o u n d  a s  i s o l a t e d  s y s t e m s  i n  t h e  
m i d f i e l d  r e g i o n  o f  t h e  I H  n . m . r .  s p e c t r u m .  N . O . e .  e x p e r i m e n t s  ( T a b l e  1 4 )  
f u r t h e r  s u b s t a n t i a t e d  t h e  p r o p o s e d  s t r u c t u r e  ( 4 8 ) ,  a s  w e l l  a s  t h e  r e l a t i v e  
s t e r e o c h e m i s t r y  o f  t h e  h e m i a c e t a l .  
H 1 3  r e s o n a t e d  a s  a  d o u b l e t  o f  d o u b l e t s  a t  6  2 . 9 5  ( J  8 . 2 ,  8 . 2 ,  0 . 8  H z ) ,  
t h e  c h e m i c a l  s h i f t  o f  w h i c h  i n d i c a t e d  i t  t o  b e  0  t o  a  c a r b o n y l .  H 1 4  o n  
t h e  o t h e r  h a n d  r e s o n a t e d  a s  a  d o u b l e t  a t  0  2 . 4 6  ( J  8 . 2  H z ) . ·  A  f u r t h e r  
p r o t o n  r e s o n a t i n g  a t  6  2 . 3 0  a s  a  b r o a d  d o u b l e t  o f  d o u b l e t s  ( J  1 4 . 4 ,  4 . 8  
H z ) ,  a n d  f o u n d  b y  d e c o u p l i n g  e x p e r i m e n t s  i n  t h e  I H  n . m . r .  s p e c t r u m  t o  b e  
c o u p l e d  t o  H 1 3  ( J  0 . 8  H z ) ,  w a s  a s s i g n e d  t o  e q u a t o r i a l  H12~, t h e  d o w n f i e l d  
s h i f t  i n d i c a t i n g  i t  l y i n g  i n  t h e  d e s h i e l d i n g  z o n e  o f  t h e  c a r b o n y l .  
T h e  a b o v e  e v i d e n c e  t h e r e f o r e  i n d i c a t e d  t h e  ~-lactone c a r b o n y l  t o  b e  a t  
G 1 6  a n d  t h e  h e m i a c e t a l  t o  b e  a t  G 1 5 .  N . O . e .  e x p e r i m e n t s  a l s o  f u r t h e r  
c o n f i r m e d  t h e  h e m i a c e t a l  t o  G 1 5  a s  w e l l  a s  i n d i c a t i n g  H 1 5  i s  ~-disposed 
w h e n  n . O . e .  e n h a n c e m e n t s  w e r e  o b s e r v e d  i n  H15~ ( a n d  v i c e  v e r s a )  o n  
i r r a d i a t i o n  o f  H7~ o r  l 7 M e .  
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T a b l e  1 4 .  I H - I H  n u c l e a r  O v e r h a u s e r  e n h a n c e m e n t s  i n  
A R O S S T l O  ( 4 8 )  
I H  i r r a d i a t e d  
1 8 M e  
1 7 M e  
H 7 ( j  
H 1 S . ! !  
( 1 )  A R O S S T - l l  
S i g n a l s  e n h a n c e d  ( % )  
1 9 M e ( S . 3 )  
H 7 ( j ( 2 ) ,  H I S ( j ( 2 )  
1 7 M e ( 3 ) ,  H I S ( j ( 7 . l )  
l 7 M e ( S . 3 ) ,  H 7 ( j ( 6 . 8 )  
9 7  
A R O S S T - I l  ( 4 9 )  t h e  t h i r d  o f  t h e  t h r e e  n e w  m i n o r  m e t a b o l i t e s  c o n t a i n i n g  
t h e  s p o n g i a n  ( 1 0 )  s k e l e t o n ,  w a s  i s o l a t e d  a s  a  c o l o u r l e s s  g u m  b y  h . p . l . c .  
O A c  
o  
( 4 9 )  
T h e  D C  n . m . r .  s p e c t r u m  ( f u l l y  d e c o u p l e d )  s h o w e d  s i g n a l s  f o r  2 4  
c a r b o n s :  t h e  I H  n . m . r .  s p e c t r u m  i n d i c a t e d  3 6  p r o t o n s  ( i n t e g r a t i o n ) .  t h e  
e . i . m . s . ,  a l t h o u g h  f a i l i n g  t o  g i v e  a  m o l e c u l a r  i o n  p e a k  d i d  h o w e v e r ,  b y  
h i g h  r e s o l u t i o n  m a s s  m a t c h i n g  o f  t h e  p r o m i n e n t  p e a k s  a t  m / z  3 7 6  ( C
2 2
H
3
P S  
[ W  - t ; H
3
C O O H ] ) ,  m / z  3 3 4  ( C w H 3 0 0 4  [ W  - C H
3
C O O H  - C : z H 2 0 ] ) ,  a n d  m / z  3 1 6  
( C
2 0
H
2 8
0
3
[ W  - 2  x  C H
3
C O O H ] )  e s t a b l i s h e d  a  m o l e c u l a r  f o r m u l a  o f  C
2 4
H
3 6
0
7
·  
9 8  
T h e  i . r .  s p e c t r u m  c o n t a i n e d  t w o  e s t e r  c a r b o n y l  a b s o r p t i o n s  a t  1 7 3 5  a n d  
1 7 7 4  c m - I  t o g e t h e r  w i t h  a n  O H  a b s o r p t i o n  a t  3 3 4 5  c m - I .  T h e  p r e s e n c e  o f  t w o  
a c e t a t e s  w a s  c o n f i r m e d  b y  t w o  m e t h y l  s i n g l e t s  i n  t h e  I H  n . m .  r . '  s p e c t r u m  a t  
6  2 . 0 8  a n d  2 . 1 4  t o g e t h e r  w i t h  t w o  e s t e r  c a r b o n y l  s i g n a l s  i n  t h e  D C  n . m . r .  
s p e c t r u m  a t  6  1 7 0 . 1  a n d  1 7 0 . 2 .  T h e  p r e s e n c e  o f  a  ~-lactone, a s  s u g g e s t e d  
b y  t h e  i . r .  s p e c t r u m  ( 1 7 7 4  c m - I ) ,  w a s  c o n f i r m e d  b y  a  f u r t h e r  e s t e r  
c a r b o n y l  s i g n a l  i n  t h e  D C  n . m . r .  s p e c t r u m  a t  6  1 7 7 . 6 .  S i m i l a r l y  t h e  
a l c o h o l  g r o u p ,  a l r e a d y  s u g g e s t e d  b y  t h e  b r o a d  a b s o r p t i o n  b a n d  i n  t h e  i . r .  
s p e c t r u m  ( 3 3 4 5  c m - I ) ,  w a s  f u r t h e r  c o n f i r m e d  b y  t h e  D c  n . m : . : t '  . .  s l " ' e t r u m  
•  
: - "  
( o n l y  3 5  p r o t o n s  a t t a c h e d  t o  c a r b o n s ,  b y  D E P T )  a n d  t h e  I H n . m 7 r :  ' s p e c t r u m  
w h i c h  s h o w e d  a  t e m p e r a t u r e  d e p e n d a n t  b r o a d  s i n g l e t  a t  6  2 . 4 0 .  
A  c o m p a r i s o n  o f  t h e  I H  n . m . r .  s p e c t r a  o f  b o t h  A R O S S T - l l  ( F i g . 2 6 )  a n d  
t h a t  o f  l a c t o n e  ( 3 6 )  s h o w e d  i t  t o  c o n t a i n  m a n y  s i m i l a r  f e a t u r e s  i n c l u d i n g ,  
i n  t h e  u p f i e l d  r e g i o n ,  a  s i x  p r o t o n  s i n g l e t  ( t w o  m e t h y l  g r o u p s )  a t  6  0 . 7 9  
a n d  a  t h r e e  p r o t o n  m u l t i p l e t  a t  6  0 . 9 2  t o g e t h e r  w i t h  t h e  t w o  a c e t a t e  
s i n g l e t s  ( 6  2 . 0 8  a n d  2 . 1 4 )  a l r e a d y  m e n t i o n e d  a b o v e .  T h e  a b s e n c e  o f  a  
f o u r t h  m e t h y l  g r o u p  i n d i c a t e d  t h e  C 1 7  m e t h y l  g r o u p  w a s  o x i d i s e d .  I n  t h e  
d o w n f i e l d  r e g i o n ,  t w o  A B  q u a r t e t s  c e n t r e d  a t  6  4 . 1 9  a n d  4 : 3 9 ,  ~d a  f i n e  
. .  -~-
d o u b l e t  o f  d o u b l e t s  a t  6  5 . 1 4  w e r e  r e m i n i s c e n t  o f  ( H 1 7 ) 2  ( H l P ) 2  a n d  H7~ 
r e s p e c t i v e l y  i n  ( 3 6 ) .  
1IV~i't. 
T h e  m a j o r  d i f f e r e n c e s  b e t w e e n  t h e  t w o  I H  n . m . r .  spectra~, i n  
A R O S S T - l l  t h e  a b s e n c e  o f  a  s i g n a l  p e r t a i n i n g  t o  H 1 3  [ 6  2 . 6 5  i n  ( 3 6 ) ]  a n d  
t h e  i n c l u s i o n  o f  a n  O H  s i g n a l  ( 6  2 . 4 0 ) .  T h e  a b s e n c e  o f  b o t h  f u r t h e r  
u n s a t u r a t i o n  ( 1 . r . ,  D C  n . m . r .  a n d  I H  n . m . r .  s p e c t r a ) ,  a n d  o f  a  d o w n f i e l d  
s i g n a l  i n  t h e  I H  n . m . r .  s p e c t r u m ,  i n d i c a t i n g  a  p r o t o n  a  t o  a n  a l c o h o l ,  
t o g e t h e r  w i t h  t h e  p r e s e n c e  o f  a  q u a t e r n a r y  c a r b o n  i n  t h e  D C  n . m . r .  
~ 
s p e c t r u m  a t  6  7 3 . 8  s u g g e s t e d  a  t e r t i a r y  a l c o h o l  w a s  p e s e n t  ( i e .  q u a t e r n a r y  
~ 
c a r b o n )  a n d  h e n c e  a s s i g n e d  t o  C 1 3 .  
D e c o u p l i n g  e x p e r i m e n t s  i n  t h e  I H  n . m . r .  s p e c t r u m  a l s o  s h o w e d  t h a t  t h e  
z s 
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1 0 0  
t w o  f u r t h e r  c o u p l i n g s  i n  t h e  A B  s y s t e m  c e n t r e d  a t  6  4 . 3 9  [ 6  4 . 3 6  ( J  5 . 7  
H z )  a n d  6  4 . 4 1  ( J  2 . 2  H z ) ]  w e r e  c o u p l e d  t o  a  d o u b l e t  o f  d o u b l e t s  a t  6  2 . 4 2  
( J  5 . 7 ,  2 . 2  H z )  a n d  a s s i g n e d  t o  H 1 4 .  T h e  a b s e n c e  o f  a  f u r t h e r  c o u p l i n g  i n  
H 1 4  f r o m  H 1 3  f u r t h e r  s u b s t a n t i a t e d  t h e  o x i d a t i o n  o f  C 1 3  t o  t h e  a l c o h o l .  
T h e  r e l a t i v e  s t e r e o c h e m i s t r y  o f  t h e  C 1 3 - a l c o h o l  a s  a - d i s p o s e d  w a s  
b a s e d  o n  b i o g e n e t i c  g r o u n d s ;  a l l  o t h e r  r i n g  o x i d a t i o n s  i n  t h e  a p l y r o s e a l  
s e r i e s  o f  c o m p o u n d s  h a v e  b e e n  d i r e c t e d  t o  t h e  a - f a c e .  
T h e  p - B r o m o b e n z o a t e  o f  A p 1 y r o s e o 1 - 1  ( 5 1 ) .  
F e a t u r e s  o f  t h e  I H  n . m . r .  s p e c t r u m  o f  ( 5 1 )  i n c l u d e d  a  s h a r p  s i n g l e t  a t  
6  9 . 9 9  d u e  t o  a n  a l d e h y d e  a r i s i n g  f r o m  t h e  o p e n i n g  o f  t h e  c y c l i c  
h e m i a c e t a l  s y s t e m  i n  a p 1 y r o s e o 1 - 1  a n d  a n  A A ' B B '  s y s t e m  c e n t r e d  a t  6  7 . 7 0  
a r i s i n g  f r o m  t h e  p  - b r o m o b e n z o y 1  g r o u p .  S i g n a l s  d u e  t o  t h e  b u t y r a t e
c  
f u n c t i o n  w e r e  a l s o  p r e s e n t  a t  6  2 . 7 3  ( a  - C H
2
)  ,  1 . 6 9  (~ - C H
2
)  a n d  0 . 9 8  
( M e )  .  
A n  i n t e r e s t i n g  f e a t u r e  i n  t h e  I H  n . m . r .  i s  t h e  presence~of~ s i n g l e t  
~ ~~ 
a t  6  6 . 3 7  ( H 1 5 )  a n d  a  d o u b l e t  a t  6  2 . 8 8  ( H 1 4 )  w h i c h  w a s  c o t i p 1 e d  t o  a  
m u l t i p 1 e t  a t  6  3 . 1 2  ( H 1 3 ) .  T h e r e f o r e  s i n c e  t h e  v i c i n a l  c o u p l i n g  c o n s t a n t  
b e t w e e n  H 1 4  a n d  H 1 5  i s  z e r o ) w h i c h  c a n  o n l y  a r i s e  i f  H 1 4  a n d  H 1 5  a r e  i n  a n  
a x i a l - e q u a t o r i a l  o r i e n t a t i o n  w i t h  a  d i h e d r a l  a n g l e  o f  a p p r o x i m a t e l y  9 0 '  ,  
Q~ 
H I S  i s  i n  a n  e q u a t o r i a l  o r i e n t a t i o n  H 1 4  i n  a n  a x i a l  
~ 
o r i e n t a t i o n  ( J O . 1 4  8 . 2  H z ) .  
T h e  n . O . e  e n h a n c e m e n t  o f  H I S  u p o n  i r r a d i a t i o n  o f  H7~ ( T a b l e  1 5 )  a l s o  
s u p p o r t s  t h i s  a s s i g n m e n t  i n d i c a t i n g  t h e  b e n z o y l  g r o u p  i s  a x i a l "  a n d  a n  
i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  C 1 5  h a s  o c c u r e d .  
F a u l k n e r  e t  al.~ a l s o  r e p o r t e d  t h a t  i n  t h e  a c e t y l a t i o n  o f  
a p 1 y r o s e o l - 6  ( 3 4 )  a  1 : 1  m i x t u r e  o f  t h e  t w o  i s o m e r s  ( 3 4 A )  a n d  ( 3 4 B )  w e r e  
(34 Aj 
1 0 1  
o b t a i n e d ,  ( 3 4 B )  a l s o  h a v i n g  a n  i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  e 1 5 .  
A l t h o u g h  b o t h  t h e  e . i . m . s  a n d  c . i . m . s .  f a i l e d  t o  s h o w  t h e  m o l e c u l a r  
i o n  p e a k ,  h i g h  r e s o l u t i o n  m a s s  m a t c h i n g  o f  t h e  h i g h e s t  p e a k s  i n  t h e  
e . i . m . s .  a t  m / z  5 1 6  a n d  5 1 4  [  M +  - e~(eH2)2COOH ]  d i d  h o w e v e r  c o n f i r m  t h a t  
a  b r o m i n e  w a s  p r e s e n t  i n  t h e  p - s u b s t i t u t e d  b e n z o y l  g r o u p .  
T h e  s t r u c t u r e  o f  ( 5 1 )  i n c l u d i n g  t h e  i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  e 1 5  
a n d  t h e  a b s o l u t e  s t e r e o c h e m i s t r y  w a s  f i n a l l y  c o n f i r m e d  b y  X - r a y  
d i f f r a c t i o n  a n a l y s i s  ( A p p e n d i x  1 ) .  
T h e  b e n z o y l a t i o n  t h e r e f o r e  p r o c e e d s  v i a  f i r s t  a  b a s e c a t a t y s e d  o p e n i n g  
o f  t h e  h e m i a c e t a l  f o l l o w e d  b y  a n  o p e n i n g  a n d  s u b s e q u e n t  c l o s i n g - o f  t h e  
l a c  t o  I  '  t o  g i v e  t h e  l e s s  s t e r i c a l l y  h i n d e r e d  a l k o x y  i s o m e r  w h i c h  c a n  t h e n  
b e  a p p r o a c h e d  a n d  t r a p p e d  b y  t h e  b u l k y  p - b r o m o b e n z o y l  g r o u p .  
H  0  
T a b l e  1 5 . :  l H - l H  n u c l e a r  O v e r h a u s e r  e n h a n c e m e n t s  
i n  ( 5 1 ) .  
l H  i r r a d i a t e d  
H 7 ( J  
H 1 4  
H 1 3  
S i g n a l s  e n h a n c e d  ( % )  
H 1 5 ( 1 5 ) .  
H 1 3 ( 7 . 7 ) ,  H 1 5 ( 5 . 5 ) .  
H 1 4 ( 1 0 )  .  
.  s  ; : : , -
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Chemical Reactions. The lactone (35), first isolated from A. rosea by 
Karusol9 , was re-extracted by the author from A. rosea and isolated in a 
higher concentration than that originally reported (see Table 6). Due to 
the quantity of sample collected (149 mg) and because of its close 
relationship to the hypothetical precursor spongian (10), a synthetic 
scheme to (10) was proposed (Scheme 4). 
The lactone (35) on treatment with lithium aluminiumhydrtde in ether 
afforded the triol (52). In the i. r. spectrum, the absence <>f,oany 
carbonyl absorption bands and the presence of a strong broad OH absorptio
n 
band at 3323 cm-1 indicated the complete reduction of (35) to the trio 1 
(52). The presence of the alcoho1s was further substantiated by the 
e.i.m.s. which although only showing the molecular ion peak m/z 324 weak
ly 
« 1 %), did show fragment ions at m/z 306, 288 and 273. High resolution 
mass matching of the m/z 288 and 273 peaks confirmed them as resulting 
from the loss of two units of water (m/z 288) followed by the loss of a 
methyl group (m/z 273) from the molecular ion (m/z 324). 'In the IH n.m.r. 
"'"-'-' 
~ 
spectrum the four methylene protons a to the C15 and C16al~ohols, (H15)2 
and (H16)2 resonated as a three proton mu1tip1et from b 3.40 to 3.53 
together with a one proton doublet of doublets at b 3.88 (J 11.2, 7.0 
Hz). H7~ resonated as a fine doublet of doublets at b 3.62 (J 2.8, 2.8 
Hz) consistent with a cyclohexane ring equatorial proton a to an alcohol. 
The second step in the scheme was a cyclization of the Cl 5-, C16 
a1coho1s to the cyclic ether (53). Two procedures for cyclizing 1,4-diols 
were investigated. The first method, reported by Gillis and Beck~, 
involved heating the triol (52) in dimethyl sulphoxide at 140· for 24 h 
1 0 3  
w h i l e  t h e  s e c o n d  m e t h o d ,  r e p o r t e d  b y  E r i c k s o n  a n d  F r y 3 5  i n v o l v e d  r e f l u x i n g  
( 5 2 )  i n  a  s o l u t i o n  o f  t r i p h e n y l p h o s p h i n e ,  c a r b o n  t e t r a c h l o r i d e  a n d  
a c e t o n i t r i l e  f o r  2 4  h .  B o t h  a f f o r d  t h e  c y c l i c  e t h e r  ( 5 3 )  i n  r e a s o n a b l e  
y i e l d s .  
T h e  c y c l i c  e t h e r  ( 5 3 )  a l s o  o n l y  g a v e  a  v e r y  w e a k  m o l e c u l a r  i o n  p e a k  i n  
t h e  e . i . m . s .  a t  m / z  3 0 6  ( 1 % )  w h i c h  c o r r e s p o n d e d  t o  a  m o l e c u l a r  f o r m u l a  
CWH~02. T h e  m o l e c u l a r  f o r m u l a  w a s  f u r t h e r  s u b s t a n t i a t e d ·  b y  t p e h i g h  
r e s o l u t i o n  m a s s  m a t c h i n g  o f  t h e  f i r s t  t w o  f r a g m e n t  i o n s  m / z  3 0 4  
[ C
W
H
3 2
0
2
( W  - H
2
)  1  a n d  m / z  3 0 2  [ C
W
H 3 ( , o 2 ( M +  - 2  x  H
2
)  1  t o g e t h e r  w i t h  t h e  l 3 C  
n . m . r .  s p e c t r u m  w h i c h  s h o w e d  s i g n a l s  f o r  2 0  c a r b o n s .  T h e  i . r .  s p e c t r u m  
s h o w e d  s i g n a l s  f o r  2 0  c a r b o n s .  T h e  i . r .  s p e c t r u m  s h o w e d  a n  O H  a b s o r p t i o n  
b a n d  f o r  t h e  C 7  a l c o h o l  a t  3 4 3 5  c m - I  a n d  w a s  f u r t h e r  s u p p o r t e d  b y  t h e  l 3 C  
n . m . r .  s p e c t r u m  w h i c h  s h o w e d  3 3  p r o t o n s  a t t a c h e d  t o  2 0  c a r b o n s  ( b y  D E P T )  ,  
a n d  t h e  m a s s  s p e c t r u m  w h i c h  s h o w e d  t h e  p r o m i n e n t  l o s s  o f  w a t e r  ( 1 5  
d a l t o n s )  f r o m  t h e  m o l e c u l a r  i o n  ( m / z  3 0 6 )  t o  g i v e  m / z  2 8 8 .  T h e  o - h y d r o x y  
p r o t o n  H7~ r e s o n a t e d  a t  6  3 . 6 2  a s  a  f i n e  d o u b l e t  o f  d o u b l e t 8  ~ 3 . 2 ,  2 . 4  
~ ~-
H z ) ,  c o n s i s t e n t  w i t h  a n  e q u a t o r i a l  p r o t o n " ,  t o  a n  a l c o h o L ; ; T h e  I H  n . m .  r .  
s p e c t r u m  a l s o  c l e a r l y  s h o w e d  t h e  t w o  p r o t o n s ,  H 1 3  a n d  H 1 4 ,  a s  a  m u l t i p l e t  
a t  6  2 . 4 7  a n d  a  d o u b l e t  o f  d o u b l e t s  a t  6  2 . 6 7  ( J  6 . 2 ,  5 . 4  H z )  
r e s p e c t i v e l y .  S u b s e q u e n t  d e c o u p l i n g  e x p e r i m e n t s  i n  t h e  I H  n . m . r .  s p e c t r u m  
i n v o l v i n g  H 1 3  a n d  H 1 4  e n a b l e d  t h e  m e t h y l e n e  p r o t o n s ,  H I S " "  H15~, H 1 6 " ,  a n d  
H16~, ' "  t o  t h e  o t h e r  o x y g e n  t o  b e  a s s i g n e d .  

1 0 4  
1 . 2 . 3  
A p l y s i l l s  v s r .  s u l p h u r e s  
A p l y s i l l s  v s r .  s u l p h u r e s  i s  a  y e l l o w  e n c r u s t i n g  s p o n g e  o f  t h e  o r d e r  
D e n d r o c e r a t i d a .  T h e  s p o n g e  i n  g e n e r a l  a p p e a r a n c e  a n d  t e x t u r e  i s  n o t  
u n l i k e  t h a t  o f  A p l y s i l l s  s u l p h u r e s .  t h e  m a j o r  d i f f e r e n c e  b e i n g  t h e  
s l i g h t l y  g r e a t e r  t h i c k n e s s  a t t a i n e d  b y  A .  v s r .  s u l p h u r e s .  
A n  i n i t i a l  e x t r a c t i o n  o f  A .  s u l p h u r e s  b y  K a r u s o
W  
y i e l d e d  
a p 1 y s u 1 p h u r i n  ( 1 4 )  a n d  a  s e c o n d  m e t a b o 1 i t e  a p 1 y s u l p h u r i d e  [ ( 8 0 )  o r  ( 8 1 ) ] .  
t h e  s t r u c t u r e  o f  w h i c h  c o u l d  n o t  b e  c o n f i d e n t l y  a s s i g n e d .  -
H o w e v e r  o n  a l l  s u b s e q u e n t  c o l l e c t i o n s  n o  a p 1 y s u 1 p h u r i d e  w a s  o b t a i n e d  
a n d  i t  w a s  b e l i e v e d  t h e  i n i t i a l  c o l l e c t i o n  w a s  c o n t a m i n a t e d  b y  a  
m o r p h o l o g i c a l l y  s i m i l a r  sponge.3~ C o n s e q u e n t l y  a  s e a r c h  f o r  t h i s  s p o n g e  
w a s  c o m m e n c e d .  
O n l y  o n e  p a t c h  o f  A .  v s r .  s u l p h u r e s  w a s  e v e r  f o u n d .  I t  w a s  l o c a t e d  o n  
t h e  t o p  s u r f a c e  o f  a  s m a l l  u n d e r w a t e r  c a v e  a t  B a r e  I s .  S y d n e y .  A l l  o t h e r  
c o l l e c t i o n s  o f  s t r u c t u r a l l y  s i m i l a r  y e l l o w  e n c r u s t i n g  s p o n g e s  f r o m  o u t s i d e  
t h i s  c a v e  p r o v e d  t o  b e  A .  s u l p h u r e s :  t h e y  c o n t a i n e d  o n l y  a p 1 y s u 1 p h u r i n  
( t . l . c . ) .  -~ > -
~:.-. 
-
F o r t u n a t e l y  t h e  r e g e n e r a t i o n  o f  A .  v s r .  s u l p h u r e s  w a s  r a p i d  a n d  t w o  
c o l l e c t i o n s  w e r e  m a d e .  o n e  i n  J a n  1 9 8 9  ( s u m m e r )  a n d  a n o t h e r  i n  M a y  1 9 8 9  
( w i n t e r )  .  
T h e  w i n t e r  c o l l e c t i o n  ( w a t e r  t e m p .  1 6 ' )  y i e l d e d  o n l y  o n e  m e t a b o 1 i t e  
i d e n t i f i e d  a s  1 5 . 1 6 - d i a c e t o x y s p o n g i a n  ( 5 4 )  w h i l e  i n  t h e  s u m m e r  c o l l e c t i o n  
( w a t e r  t e m p .  2 0 ' ) .  ( 5 4 )  a n d  a n o t h e r  m e t a b o 1 i t e  1 6 - o x o s p o n g i a n  ( 5 5 )  w e r e  
i s o l a t e d .  
F r o m  t h e  c r u d e  e x t r a c t  n o  r e s o n a n c e s  p e r t a i n i n g  t o  t h e  cyc~opropyl 
r i n g  o f  a p 1 y s u 1 p h u r i d e  w e r e  i n d i c a t e d  i n  t h e  I H  n . m . r .  s p e c t r u m .  
B o t h  ( 5 4 )  a n d  ( 5 5 )  h a v e  b e e n  p r e v i o u s l y  r e p o r t e d  i n  t h e  l i t e r a t u r e .  
( 5 4 )  i s o l a t e d  f r o m  S p o n g i s  o f f i c i n s l i s  ( o r d e r  D i c t y o c e r a t i d a ) f f i  a n d  ( 5 5 )  
1 0 5  
s y n t h e t i c a l l y  p r e p a r e d  b y  t h e  h y d r o g e n a t i o n  o f  a n o t h e r  m e t a b o 1 i t e  f r o m  S .  
o f f  i c i n a l i s  . 1 7  P o i n e r  a l s o  i s o l a t e d  ( 5 4 )  a n d  ( 5 5 )  f r o m  t h e  s p o n g e  
C h e l o n a p l y s i l l a  v i o l a c e a  ( o r d e r  Dendroceratida).~ 
T h e  s t r u c t u r e s  o f  t h e  t w o  m e t a b o 1 i t e s  i s o l a t e d  f r o m  A .  v a r .  s u l p h u r e a  
( 5 4 )  a n d  ( 5 5 )  w e r e  e s t a b l i s h e d  b y  t h e  d i r e c t  c o m p a r i s o n  o f  t h e i r  I H  n . m . r .  
s p e c t r a  [ F i g  2 7  ( 5 4 ) ;  F i g  2 8  ( 5 5 » )  a n d  m a s s  s p e c t r a  w i t h  t h o s e  o f  t h e  
a u t h e n t i c  s a m p l e s  i s o l a t e d  b y  P o i n e r .  
A l t h o u g h  t h e  d e s i r e d  s p o n g e  c o n t a i n i n g  a p 1 y s u 1 p h u r i d e  w a s  n o t  f o u n d  
a n o t h e r  s p o n g e  m o r p h o l o g i c a l l y  s i m i l a r  t o  A .  s u l p h u r e a  h a d - b e a , n ' - f o u n d  a n d  
e x t r a c t e d .  
o  
( 5 5 )  
T a b l e  1 6 . :  D i t e r p e n e s  f r o m  A .  v a r .  s u l p h u r e a  
C o l l e c t i o n  ( g )  
J a n  1 9 8 9  ( 5 . 3 )  
M a y  1 9 8 9  ( 1 . 9 8 )  
( 5 4 )  
m g  ( % )  
1 2 9 ( 2 . 4 )  
2 8 . 7 ( 1 . 4 5 )  
( 5 5 )  
m g  ( % )  
2 3 ( 0 . 4 )  
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1 . 2 . 3  
B i o g e n e s i s  
T o  a r r i v e  a t  t h e  a b s o l u t e  s t e r e o c h e m i s t r y  s h o w n  f o r  t h e  A .  v s r .  
s u l p h u r e s ,  A .  r o s e s  a n d  A .  p a l l i d a  d i t e r p e n e s ,  i t  w a s  n e c e s s a r y  f i r s t  t o  
c o n s i d e r  t h e  b i o g e n e s i s  o f  t h e  s y s t e m .  
I t  i s  r e a s o n a b l e  t o  a s s u m e  t h a t  t h e  c o m p o u n d s  a r e  a l l  r e l a t e d  t o  t h e  
h y p o t h e t i c a l  t e t r a c y c l i c  d i t e r p e n e ,  s p o n g i a n  ( 1 0 ) .  A l t h o u g h  i t  i s  
p e c u l i a r  t o  c o m p o u n d s  o f  m a r i n e  o r i g i n  t h e  s p o n g i a n  s k e l e t o n  i s  a  r e g u l a r  
-
t e r p e n o i d  s y s t e m ,  c l o s e l y  r e l a t e d  t o  m a n y  t e r r e s t r i a l l y - d e r i v e ; a - -
d i t e r p e n o i d s .  I n d e e d  t h e  s t e r e o s p e c i f i c  c y c l i z a t i o n ,  p r o p o s e a - b y  F e n i c a l ,  
p  ' : i I O  p " O ! . P "  . . . .  t~ 
o f  a l l  rrans-ger~nylge~Jfl~to g i v e  ( 1 0 ) ,  i n v o l v e s  o n l y  w e l l  k n o w n  
c h e m i s t r y .  1 3  
I s o a g a t h a l a c t o n e  ( 1 1 ) ,  i s o l a t e d  f r o m  S p o n g i a  o f f i c i n s l i s ,  w a s  t h e  
f i r s t  s u c h  d i t e r p e n e  c o n t a i n i n g  t h e  s p o n g i a n  b a c k b o n e .  T h e  a b s o l u t e  
s t e r e o c h e m i s t r y  w a s  d e t e r m i n e d  b y  c h e m i c a l  c o r r e l a t i o n  w i t h  g r i n d e l i c  a c i d  
o f  k n o w n  s t e r e o c h e m i s t r y .  1 4  T h e  s a m e  s p o n g e  a l s o  y i e l d e d  t h r e e  f u r t h e r  
c o m p o u n d s ,  ( 6 0 ) - ( 6 2 ) ,  w h i c h  m a y  b e  c o n s i d e r e d  p r e c u r s o r s  o f  
i~~tholactone . 1 6  A n o t h e r  s p o n g e ,  S p o n g i a  s p .  c l o s e l y  reiate~~o S .  
~ ~. 
o f f i c i n a l i s  a n d  c o l l e c t e d  f r o m  t h e  G r e a t  B a r r i e r  R e e f  affor~d v a r i o u s l y  
o x i d i s e d  t e t r a c y c l i c  f u r a n o d i t e r p e n e s ,  ( 7 0 ) - ( 7 3 ) ,  w h i c h  c a n  b e  t h o u g h t  o f  
a s  d e r i v e d  f r o m  ( 1 0 ) .  T h e i r  a b s o l u t e  s t e r e o c h e m i s t r y  w a s  d e t e r m i n e d  b y  C D  
a n d  O R D  studies.~ 
A s  d e s c r i b e d  i n  S e c t i o n  1 . 2 . 2 K  o f  t h i s  t h e s i s ,  p a r t  o f  t h e  f u r t h e r  
s t u d y  i n t o  t h e  c o n s t i t u e n t s  o f  A .  r o s e s  i n v o l v e d  t h e  d e t e r m i n a t i o n  o f  t h e  
a b s o l u t e  s t e r o c h e m i s t r y  o f  a p l y r o s e o l - l  ( 3 0 ) .  T h i s  w a s  a c h i e v e d  b y  a  
s i n g l e  c r y s t a l  X - r a y  d e t e r m i n a t i o n  o f  t h e  E - b r o m o b e n z o a t e  d e r i v a t i v e  ( 5 1 )  
o f  a p l y r o s e o l - l .  
F r o m  t h e  r e s u l t s ,  t h e  a b s o l u t e  s t e r e o c h e m i s t r y  i s  t h e  s a m e .  a s  t h a t  
p r o p o s e d  f o r  s p o n g i a n  ( 1 0 ) ,  a n d  i t  m a y  a l s o  b e  i n f e r r e d  t h a t  a l l  t h e  
1 0 9  
a p l y r o s e o l s  h a v e  t h e  s a m e  s t e r e o c h e m i s t r y .  
A s  t h e  s p o n g i a n  d e r i v e d  m e t a b o l i t e s  i s o l a t e d  f r o m  S .  o f f i c i n a l i s ,  
S p o n g i a  s p .  a n d  A .  r o s e a  a l l  h a v e  t h e  s a m e  a b s o l u t e  s t e r o c h e m i s t r y ,  i t  i s  
r e a s o n a b l e  t o  p o s t u l a t e  t h a t  a l l  t h e  s p o n g i a n  d e r i v a t i v e s  o r i g i n a t e d  f r o m  
t h e  o n e  c o n f i g u a t i o n  o f  ( 1 0 ) .  
I t  i s  a  r e a s o n a b l e  a s s u m p t i o n  t h a t  t h e  t w o  d i t e r p e n e s  i s o l a t e d  f r o m  A .  
v a r .  s u l p h u r e a ,  ( 5 4 )  a n d  ( 5 5 ) ,  h a v e  t h e  s a m e  a b s o l u t e  s t e r e o c h e m i s t r y  a s  
p r o p o s e d  f o r  ( 1 1 ) ,  i s o l a t e d  f r o m  S .  o f f i c i n a l i s .  T h e  b i o g e n e s i s  o f  t h e s e  
c o m p o u n d s  m a y  b e  a s s u m e d ,  s i n c e  t h e y  b o t h  c o n t a i n  t h e  fullsp~rigian 
s k e l e t o n ,  t o  b e  s i m p l y  t h e  r e s u l t  o f  o x i d a t i o n  o f  s p o n g i a n  . .  - o X i d a t i o n  a t  
C 1 6  y i e l d s  ( 5 5 )  w h i l e  o x i d a t i o n  f o l l o w e d  b y  a c e t y l a t i o n  o f  b o t h  C 1 6  a n d  
C 1 5  w o u l d  a f f o r d  ( 5 4 )  ( S c h e m e  6 ) .  
L l  
o  
[ 0 ]  
•  
O H  
t I  
O A c  
b  
•  
S c b e m e 6  
1 1 0  
,  
S c h e m e s  ( 7 ) - ( 1 1 )  s u g g e s t  p o s s i b l e  b i o g e n e t i c  p a t h w a y s  f o r  t h e  A .  r o s e s  
m e t a b o l i t e s .  S t a r t i n g  w i t h  ( 5 5 )  w h i c h  h a s  b e e n  i s o l a t e d  f r o m  b o t h  A .  v a r .  
s u l p h u r e a  a n d  C h e l o n a p l y s i l l a  v i o l a c e a .  o x i d a t i o n  a n d  a c e t y l a t i o n  o f  e 1 7  
w o u l d  r e s u l t  i n  A R O S S T - 9  ( 4 7 )  ( S c h e m e  7 ) .  
o  
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•  
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( 4 7 )  
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( 3 6 )  
( 4 9 )  
S c h e m e  7  
1 1 1  
A l t e r n a t e l y  ( S c h e m e  7 ) ,  o x i d a t i o n  a n d  a c e t y l a t i o n  a t  C 7  r e s u l t s  i n  t h e  
l a c t o n e  ( 3 5 ) .  F u r t h e r  a c e t y l a t i o n  o f  C 1 7  w o u l d  t h e n  g i v e  l a c t o n e  ( 3 6 )  
w h i c h  t h e n  u p o n  o x i d a t i o n  o f  C 1 3  g i v e s  A R O S S T - l l  ( 4 9 ) .  
F r o m  t h e  l a c t o n e  ( 3 5 )  ( S c h e m e  8 ) ,  o x i d a t i o n  o f  C 1 5  w o u l d  g i v e  t h e  
a l c o h o l  A R O S S T - l O  ( 4 8 ) .  M e t h y l a t i o n  o f  t h e  l a c t o n e  c a r b o n y l  o f  ( 4 8 ) ,  
f o l l o w e d  b y  r i n g  o p e n i n g  o f  ( I )  c o u l d  g i v e  t h e  m e t h y l  e s t e r - a l d e h y d e  
A R O S S T - 6  ( 4 4 ) .  T h i s  a l d e h y d e  w a s  i s o l a t e d  a s  t h e  n a t u r a l  p r o d u c t  
( i d e n t i f i e d  b y  I H  n . m .  r . )  h o w e v e r  i t  w a s  f o u n d  t o  o x i d i s e  r a p i d l y  t o  t h e  
a c i d  ( 4 4 A )  w h i c h  w a s  t h e n  f u l l y  c h a r a c t e r i s e d .  
i -
~- "  
T h e  b i o g e n e s i s  o f  t h e  a p l y r o s e o l s  ( 3 0 ) - ( 3 4 )  ( S c h e m e  9 )  m a y  " a l s o  b e  
e n v i s a g e d  a s  s t a r t i n g  f r o m  ( 5 5 ) .  W i t h  o x i d a t i o n s  a n d  e s t e r i f i c a t i o n  
o c c u r r i n g  a t  C 7  a n d / o r  C 6  c o u l d  g i v e  ( 1 1 ) .  T h i s  u p o n  f u r t h e r  o x i d a t i o n  a t  
C 1 5  t o  t h e  a l c o h o l  ( I l l )  [ w h i c h  h a s  b e e n  s h o w n  c a n  o c c u r  b y  t h e  i s o l a t e d  
p r o d u c t  A R O S S T - l O  ( 4 8 ) ]  a n d  t h e n  C 1 7  t o  t h e  a l d e h y d e  c o u l d  t h e n  g i v e  t h e  
i n t e r m e d i a t e  ( I V ) .  
F r o m  a l l  t h e  s p o n g i a n  d e r i v e d  m e t a b o l i t e s  t h u s  f a r  i s o l a t e d  w h i c h  h a v e  
b e e n  o x i d i s e d  a t  C 1 5 ,  t h e  a l c o h o l  h a s  r e s i d e d  i n  a n  a - o r i e n t a t i o n ,  f o r  
e x a m p l e  ( 1 5 ) ,  ( 4 8 )  a n d  ( 5 4 ) .  T h e r e f o r e  i t  w o u l d  n o t  b e  u n r e a s o n a b l e  t o  
~ ~. 
s u g g e s t  t h a t  t h e  a l c o h o l  i n  i n t e r m e d i a t e  ( I V )  w o u l d  a l s o  r e s i d e  i n  a n  
a - o r i e n t a t i o n .  H e n c e  f i r s t  a n  i s o m e r i z a t i o n  a t  C 1 5  g i v i n g  t h e  ~-alcoho1 
i n t e r m e d i a t e  ( V )  f o l l o w e d  b y  a c e t a l  f o r m a t i o n  w o u l d  t h e n  g i v e  t h e  
a p 1 y r o s e o l s  ( 3 0 ) - ( 3 4 ) .  
A l t e r n a t i v e l y ,  ( S c h e m e  1 0 )  m e t h y l a t i o n  o f  t h e  l a c t o n e  c a r b o n y l  i n  ( I V )  
f o l l o w e d  b y  r i n g  o p e n i n g  c o u l d  t h e n  g i v e  t h e  d i a l d e h y d e  ( V I ) ,  w h i c h  v i a  a  
C a n n i z z a r o - t y p e  r e a c t i o n  ( o x i d a t i o n / r e d u c t i o n )  c o u l d  b e  c o n v e r t e d  t o  
i n t e r m e d i a t e  ( V I I ) .  L a c t o n i z a t i o n  o f  t h i s  i n t e r m e d i a t e  c o u l d  t h e n  g i v e  
A R O S S T - l ( 3 9 )  t o  - 5 ( 4 3 ) .  
T h e  b i o g e n e s i s  o f  A R O S S T - 7  ( 4 5 )  a n d  A R O S S T 8  ( 4 6 )  ( S c h e m e  1 1 )  m a y  b e  
r e g a r d e d  a s  a n  e x t e n s i o n  f r o m  A R O S S T - 6  ( 4 4 ) .  T h e  e a s e  o f  a e r i a l  o x i d a t i o n  
1 1 2  
e n c o u n t e d  i n  t h e  c a s e  o f  A R O S S T - 6  t o  t h e  a c i d  ( 4 4 A )  m a y  i n d i c a t e  t h a t  i n  
t h e  n a t u r a l  s y s t e m  t h i s  o x i d a t i o n  c o u l d  a l s o  p r o c e e d  w i t h  e a s e .  F u r t h e r  
o x i d a t i o n  t o  t h e  h y d r o p e r o x i d e  ( V I I I )  w h i c h  u p o n  d e c a r b o n y l a t i o n  t o  t h e  
k e t o n e  ( I X )  f o l l o w e d  b y  a  o r  ~ f a c e  r e d u c t i o n  c o u l d  g i v e  A R O S S T - 8  ( 4 6 )  a n d  
A R O S S T - 7  ( 4 5 )  r e s p e c t i v e l y .  
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T h e  b i o g e n e s i s  o f  t h e  A .  p a l l i d a  m e t a b o 1 i t e s  ( S c h e m e s  1 2 - 1 4 )  m a y  a l s o  
f o l l o w  a  s i m i l a r  p a t h w a y  a s  t h a t  p r o p o s e d  f o r  t h e  A .  r o s e a  m e t a b o 1 i t e s .  
H o w e v e r ,  o x i d a t i o n  o c c u r s  a t  d i f f e r e n t  l o c a t i o n s .  
A g a i n  s t a r t i n g  f r o m  t h e  l a c t o n e  ( 5 5 )  o x i d a t i o n  t o  t h e  Q-~ u n s a t u r a t e d  
l a c t o n e  g i v e s  is~ho1actone ( 1 1 ) .  F u r t h e r  C 1 1  a 1 1 y 1 i c  o x i d a t i o n  
f o l l o w e d  b y  a c e t y l a t i o n  w o u l d  g i v e  ( 5 9 )  a n d  ( 6 0 )  r e s p e c t i v e l y .  T h e  
c o m p o u n d s  ( 5 9 ) - ( 6 0 )  h a v e  a l s o  b e e n  p r e v i o u s l y  i s o l a t e d  f r o m  S p o n g i a  
o f f i c i n a l i s .  O x i d a t i o n  a t  C 1 5  t o  t h e  ~-a1coho1 ( X )  p r o c e e d e d  b y  
m e t h y l a t i o n  o f  t h e  l a c t o n e  c a r b o n y l ,  r i n g  o p e n i n g  a n d  oxidat~~n c o u l d  
t h e n  g i v e  t h e  i n t e r m e d i a t e  ( X I )  s i m i l a r  t o  A R O S S T - 6 A  ( 4 4 A )  . .  ~rther 
o x i d a t i o n  o f  t h e  C 1 4  a c i d  t o  t h e  h y d r o p e r o x i d e  ( X I I )  f o l l o w e d  b y  
d e c a r b o n y 1 a t i o n  c o u l d  g i v e  a p 1 y p a 1 1 i d e n o n e  ( 2 1 )  ( S c h e m e  1 2 ) .  E p o x i d a t i o n  
o f  ( 2 1 )  ( S c h e m e  1 3 )  t h e n  w o u l d  g i v e  a p 1 y p a 1 1 i d o x o n e  ( 2 2 ) .  A l t e r n a t i v e l y ,  
o x i d a t i o n  o f  a p 1 y p a 1 1 i d e n o n e  ( 2 1 )  t o  t h e  d i e n e  ( X I I I ) ,  c o u l d  t h e n  f u r t h e r  
u n d e r g o  o x i d a t i o n  t o  f o r m  t h e  a p 1 y p a 1 1 i d i o x o n e  ( 2 4 ) .  
A  f u r t h e r  o x i d a t i o n  o f  ( 5 9 )  ( S c h e m e  1 4 )  t o  t h e  k e t o n e  ( X I V ) ,  f o l l o w e d  
b y  a n  o x i d a t i o n ,  m e t h y l a t i o n  a n d  r i n g  o p e n i n g ,  t h e n  f u r t h e r  o x i d a t i o n  t o  
t h e  p e r o x i d e  a n d  f i n a l l y  d e c a r b o n y 1 a t i o n  c o u l d  t h e n  g i v e  t h e  6 L k e t o n e  
~_~"" .~L-_ 
( X V ) .  E p o x i d a t i o n  o f  t h i s  d i k e  t o n e  w o u l d  t h e n  r e s u l t  inap~ypa11idione 
( 2 3 ) .  
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1.2.5 Sponges Containing Spongian Derived Metabolites 
One of the aims of a chemical study into the constituents of marine 
sponges is its possible application to taxonomy. However for this to 
become applicable a large enough number of samples must be examined and 
correlated with the existing taxonomic base. 
One important group in which chemotaxonomy could show great benefit is 
within the so called 'Horny' sponges (Keratosa): the Verongids, 
Dictyoceratids and Dendroceratids. This group of sponges 'hav~. -no 
spicules, the traditional method by which sponges are identifHid. Henc
e, 
the use of the metabolites present in these sponges in conjupction with 
other ultrastructural, histological and reproductive characteristics may
 
offer a reliable method for identification within this group, and 
reinforce the identifications in other groups of sponges. 
Already, the Verongids, although morphologically similar to the other 
two orders, are found to be chemically distinct. They are, to date, all
 
characterised by possessing brominated tyrosine derivatives and a high 
steroid content. On the other hand sponges belonging to the ~ders 
... ~~ 
Dictyoceratida and Dendroceratida are characterised by a high terpene 
content. 2 
An extension to the use of chemotaxonomy is its possible ability to 
show convergent evolution and affinities within different groups of 
sponges. For example three genera within the order Dictyoceratida 
(Smenospongia, Fasciospongia and Therectandia) have been found to possess 
brominated amino acid derivatives. These genera are now viewed as 
intermediates between the Verongida and the Dictyoceratida. The 
histology, pigmentation and fibre structure within the above genera, 
~lthough not identical with those of Verongida, do show some similarities.
2 
However it is only now, with the recent increase in the number of 
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D e n d r o c e r a t i d s  i n v e s t i g a t e d ,  t h a t  a  p o s s i b l e  a f f i n i t y  o f  t h i s  g r o u p  w i t h  
t h e  D i c t y o c e r a t i d s  i s  e m e r g i n g .  
T h e  m a j o r  b i o l o g i c a l  d i f f e r e n c e  b e t w e e n  t h e  t w o  o r d e r s  i s  t h e  
a r r a n g e m e n t  o f  t h e i r  s p o n g i n  f i b r e s .  I n  D i c t y o c e r a t i d s  t h e y  a r e  
c o n s t r u c t e d  u p o n  a  c o m p l e x  a n a s t o m o s i n g  p a t t e r n  o f  p r i m a r y  a n d  s e c o n d a r y  
f i b r e s  ( F i g  2 ) .  I n  D e n d r o c e r a t i d s ,  t h e  p a t t e r n  i s  l e s s  c o m p l e x  w i t h  
s p o n g i n  f i b r e s  a r r a n g e d  i n  a  d e n d , f i c i ) c a l l y  r a m i f i e d  p a t t e r n  ( F i g  3 ) .  
,  
S e t  o u t  b e l o w  a r e  t h e  s p o n g e s  a n d  t h e i r  t e r p e n o i d  m e t a b o l i t e s  w h i c h  
-
m a y  b e  d e r i v e d  f r o m  t h e  h y p o t h e t i c a l  p r e c u r s o r  s p o n g i a n  ( H » .  i  . - -
· 0  
, .  2 0  
( 1 0 )  
=  
~-
~-~~-
I n  t h e  a r r a n g e m e n t  a n  a t t e m p t  h a s  b e e n  m a d e  t o  g r o u p  t o g e t h e r  t h e s e  
s p o n g e s  a n d  t h e i r  m e t a b o l i t e s  i n  s u c h  a  w a y  a s  t o  s h o w  a  p o s s i b l e  a f f i n i t y  
b e t w e e n  t h e  s p o n g e  g e n e r a  a n d  b e t w e e n  t h e  t w o  o r d e r s  D i c t y o c e r a t i d a  a n d  
D e n d r o c e r a t i d a .  
A l t h o u g h  t h e  f i r s t  i s o l a t i o n  o f  a  m e t a b o l i t e  w i t h  t h e  s p o n g i a n  
b a c k b o n e  w a s  f r o m  S p o n g i a  o f f i c i n a l i s , w  a  D i c t y o c e r a t i d ,  t h e  m a j o r i t y  
h a v e  b e e n  f r o m  t h e  o r d e r  D e n d r o c e r a t i d a .  
B e r g q u i s t  ( 1 9 8 0 ) 9  h a s  l i s t e d  t h r e e  f a m i l i e s  c o n t a i n i n g  n i n e  g e n e r a  i n  
t h e  o r d e r  D e n d r o c e r a t i d a .  T h e y  a r e  a s  f o l l o w s ; -
1 2 0  
O r d e r  - D e n d r o c e r a t i d a  ( P h y l u m ;  P o r i f e r a ;  C l a s s ,  D e m o s p o n g i a e ;  
s u b c l a s s  c e r a c t i n o m o r p h a )  
F a m i l y  - A p l y s i l l i d a e  
G e n u s  - A p l y s i l l a ,  P l e r a p l y s i l l a ,  C h e l o n a p l y s i l l a ,  D a r w i n e l l a ,  
D e n d r i l l a ,  H e x a d e l l a .  
F a m i l y  - D i c t y o d e n d r i l l i d a e  
" 0  
,  
G e n u s  - D i c t y o d e n d r i l l a ,  I g e r n e l l a  
F a m i l y  - H a l i s a r c i d a e  
G e n u s  - H a l i s a r c a  
S p o n g i a  O f f i c i n a l i s  ( D i c t y o c e r a t i d a )  : 1 4 , 1 6 . 1 7  
T h e  f i r s t  r e p o r t e d  m e t a b o l i t e  c o n t a i n i n g  t h e  s p o n g i a n  b a c k b o n e  w a s  
i s o g a t h o l a c t o n e  ( 1 1 ) ,  i s o l a t e d  f r o m  S .  o f f i c i n a l i s  c o l l e c t e d  i n  t h e  B a y  o f  
.~"'- ~~< 
N a p l e s ,  I t a l y . 1 4  A  f u r t h e r  r e p o r t  o n  t h e  m e t a b o l i t e s  f r o m  t l . i s  s p o n g e  
d e s c r i b e d  t h e  d i t e r p e n e s  ( 5 4 )  a n d  ( 6 0 ) - ( 6 2 ) .  
T h e  e x t r a c t i o n  o f  S .  o f f i c i n a l i s  c o l l e c t e d  f r o m  t h e  C a n a r y  I s .  a l s o  
y i e l d e d  ( 1 1 )  t o g e t h e r  w i t h  a p l y s i l l i n  ( 1 2 )  a n d  t h e  n e w  b u t  s i m i l a r  
d i t e r p e n e s  ( 6 3 )  - ( 6 6 ) . 1 7  
F r o m  s t i l l  a n o t h e r  s p e c i m e n ,  a l s o  i d e n t i f i e d  a s  S .  o f f i c i n a l i s ,  t h e  
n e w  d i t e r p e n e s  ( 6 7 ) - ( 6 9 )  w e r e  isolated.~ I n  t h i s  c a s e  h o w e v e r  t h e  s p o n g e  
s p e c i e s  m a y  h a v e  b e e n  m i s i d e n t i f i e d  d u e  t o  t h e  a t y p i c a l  n a t u r e  o f  t h e s e  
m e t a b o l i t e s  t o  t h o s e  o f  t h e  o t h e r  S .  o f f i c i n a l i s  m e t a b o l i t e s .  
o  
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E i g h t  n e w  t e t r a c y c l i c  f u r a n  d i t e r p e n e s  ( 7 0 ) - ( 7 3 )  w e r e  i s o l a t e d  f r o m  a  
c l o s e l y  r e l a t e d  s p o n g e  t o  S .  o f f i c i n a l i s ,  d e s c r i b e d  a s  S p o n g i a  s p . ,  a n d  
c o l l e c t e d  f r o m  t h e  G r e a t  B a r r i e r  R e e f ,  A u s t r a l i a ,  e i g h t  n e w  t e t r a c y c l i c  
f u r a n  d i t e r p e n e s  w e r e  i s o l a t e d .  
O R  
3 a a n d  3~ 
( 7 0 )  R = R ' = H  
( 7 1 )  R = A c  R ' = H  
( 7 2 )  R = H  R ' = A c  
( 7 3 )  R = R ' = A c  
O t h e r  S p o n g i a  s p e c i e s  w h i c h  h a v e  b e e n  i n v e s t i g a t e d  todat~bave 
y i e l d e d  s e s t e r t e r p e n e  m e t a b o l i t e s  c o n t a i n i n g  s t r u c t u r e s  s u c h  a s  " ( 8 )  
1 2 2  
i n c l u d i n g  o n e  c o l l e c t i o n  o f  S .  officinalls.~ Y e t  o t h e r  s p e c i e s  o f  
S p o n g i a  h a v e  y i e l d e d  f u r a n o t e r p e n e s  o f  t h e  t y p e  ( 7 )  a n d  ( 9 )  i n c l u d i n g  S .  
o f f i c i n a l i s  . 3 9  
A p l y s i l l a  v a r .  s u l p h u r e a :  
T h i s  s p o n g e  w h i c h  i s  v e r y  s i m i l a r  i n  a p p e a r a n c e  t o  A .  s u l p h u r e a  w a s  
e x t r a c t e d  a n d  t h e  d i t e r p e n e s  i s o l a t e d  ( 5 4 )  a n d  ( 5 5 )  d i s c u s s e d  i n  S e c t i o n  
1 . 2 . 3 .  
" . : ; .  ~-
~~. 
A p l y s i l l a  r o s e a :  
T h e  f i r s t  r e p o r t  o f  t h e  e x t r a c t i o n  o f  A .  r o s e a  d e s c r i b e d  t h e  i s o l a t i o n  
o f  t h e  t r i a c e t a t e  a p l y s i l l i n  ( 1 2 ) ,  f r o m  a  N e w  Z e a l a n d  s p e c i m e n .
f f i  
M o r e  
r e c e n t l y ,  s o m e  s p o n g e  s a m p l e s  o f  A .  r o s e a  f r o m  N . S . W .  w a t e r s  h a v e  y i e l d e d  
a  s e r i e s  o f  a l c o h o l  d i t e r p e n e s  n a m e d  t h e  a p l y r o s e o l s  ( 3 0 )  - ( 3 4 )  a n d  ( 7 4 )  
t o g e t h e r  w i t h  t h e  l a c t o n e s  ( 3 5 ) - ( 3 6 ) . w  C u r r e n t  r e s u l t s ,  d e s c r i b e d  i n  
S e c t i o n  1 . 2 . 2 ,  f r o m  a  l a r g e  s c a l e  c o l l e c t i o n  o f  A .  r o s e a ,  a l s o  c o l l e c t e d  
f r o m  N . S . W .  w a t e r s ,  a g a i n  w a s  f o u n d  t o  c o n t a i n  ( 3 0 ) - ( 3 6 )  t o g e t h e r  w i t h  t h e  
f u r t h e r  d i t e r p e n e s  ( 3 7 ) - ( 4 9 ) .  I n  a n o t h e r  r e p o r t ,  a  s p o n g e  d e s c r i b e d  a s  
A p l y s i l l a  s p .  w a s  f o u n d  t o  c o n t a i n  t w o  o f  t h e  a p l y r o s e o l s ,  ( 3 0 )  a n d  ( 3 1 ) ,  
1 2 3  
t o g e t h e r  w i t h  a n o t h e r  d i t e r p e n e  ( 7 5 ) .  F r o m  t h e  c o n s t i t u e n t s  a n d  t h e  f a c t  
t h a t  t h e  a u t h o r s  d e s c r i b e  t h i s  s p o n g e ,  f r o m  P o r t  P h i l l i p  B a y ,  a s  p i n k  a n d  
e n c r u s t i n g ,  i t  i s  p r o b a b l y  A .  rosea.~ 
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D e n d r i l l a  r o s e a :
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( 7 5 )  
T h e  a p l y r o s e o l s  ( 3 0 ) ,  ( 3 1 ) ,  ( 3 3 ) ,  ( 3 4 )  a n d  ( 7 4 )  t o g e t h e r  w i t h  t h e  
d e n d r i l l o l s  ( 3 7 ) - ( 3 8 )  a n d  ( 7 6 ) - ( 7 7 )  w e r e  i s o l a t e d  f r o m  a  N e w  Z e a l a n d  
c o l l e c t i o n  o f  D .  r o s e a .  
o  
o  
0 M e  
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I g e m e l l a  n o t a b i l i s  ( F a m i l y  Dictyodendridae):~ 
1 2 4  
,  
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T h e  t w o  a p l y r o s e o l s  ( 3 0 )  a n d  ( 7 4 )  t o g e t h e r  w i t h  t h e  d i o l  ( 7 8 )  w e r e  
e x t r a c t e d  f r o m  t h e  C a r i b b e a n  s p o n g e  I .  n o t a b i l i s .  
o  
( 7 8 )  
1 2 5  
A p l y s i l l a  p a l l i d a  ( F a m i l y  A p l y s i l l i d a e ) :  
T h e  d i t e r p e n e s  f r o m  A .  p a l l i d a  ( 2 1 )  - ( 2 4 )  a r e  d e s c r i b e d  i n  S e c t i o n  1 . 2 . 1  
A g a i n  t h e  t h r e e  s i x - m e m b e r e d  r i n g s  o f  t h e  s p o n g i a n  s y s t e m  a r e .  p r e s e n t  a n d  
h e n c e  m a y  b e  d e r i v e d  f r o m  s p o n g i a n .  
D a r w i n e l l a  s p . : u  
T h i s  e n c r u s t i n g  s p o n g e  c o l l e c t e d  f r o m  N e w  Z e a l a n d  w a t e r s  w a s  r e p o r t e d  
a s  b e i n g  f o r m e r l y  r e f e r r e d  t o  a s  A p l y s i l l a  r o s e a .  I t  w a s  f o u n d  t o  c o n t a i n  
t h e  f u r a n o d i t e r p e n e  ( 2 8 )  t o g e t h e r  w i t h  a p l y s u l p h u r i n  ( 1 4 )  a n d ' a s  t h e  m a j o r  
c o n s t i t u e n t  t e t r a h y d r o a p l y s u l p h u r i n - l  ( 7 9 ) .  N o  t r a c e  o f  a p l y s i l l i n  ( 1 2 ) ,  
a s  w a s  r e p o r t e d  f r o m  t h e  f i r s t  e x t r a c t i o n  o f  A . r o s e a ,  w a s  d e t e c t e d  i n  t h e  
s a m p l e .  
( 1 4 )  
O A c  
- · H  
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H  
D a r w i n e l l a  o x e a t a :
U  
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S p e c i m e n s  o f  t h i s  s p o n g e  h a v e  b e e n  e x t r a c t e d  f r o m  t w o  c o u n t r i e s  
A u s t r a l i a  ( N . S . W .  s o u t h  c o a s t )  a n d  N e w  Z e a l a n d  ( L e i g h ,  P o o r  K n i g h t s  a n d  
D u n e d i n ) .  I n  t h e  A u s t r a l i a n  s a m p l e s ,  w h i c h  w e r e  r e f e r r e d  t o  a s  A p l y s i l l a  
s u l p h u r e a ,  t w o  c o m p o u n d s  w e r e  i s o l a t e d :  a p l y s u l p h u r i n  ( 1 4 )  a n d  
a p l y s u l p h u r i d e  ( 8 0 )  o r  ( 8 1 )  ( t h e  e x a c t  s t r u c t u r e  w a s  n o t  established).~~l 
H o w e v e r  a p l y s u l p h u r i d e  w a s  o n l y  o b t a i n e d  i n  t h e  f i r s t  c o l l e c t i o n  o f  A .  
s u l p h u r e a ;  a l l  s u b s e q u e n t  c o l l e c t i o n s  w e r e  f r e e  o f  a p l y s u l p h u r i d e .  H e n c e  
t h i s  m e t a b o l i t e  r e m a i n s  a  m y s t e r y  a n d  h a s  b e e n  s u g g e s t e d  t h a t  i t  m a y  b e  
f r o m  a  m o r p h o l o g i c a l l y  s i m i l a r  s p o n g e  t o  t h a t  o f  A .  s u l p h u r e a .
3 1
. 3 6  
F r o m  t h e  N e w  Z e a l a n d  s p e c i m e n s ,  r e f e r r e d  t o  a s  D .  o x e a t a ,  f o u r  
m e t a b o l i t e s  w e r e  o b t a i n e d ;  a p l y s u l p h u r i n  ( 1 4 ) ,  t e t r a h y d r o a p l y s u p h u r i n - l  
( 7 9 )  a n d  t w o  o t h e r  m i n o r  n e w  m e t a b o l i t e s  t e t r a h y d r o a p l y s u l p h u r i n - 2  ( 8 2 )  
a n d  - 3  ( 8 3 ) . 2 6  
( 8 2 )  
0 A c  
H  
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H  
D e n d r i l l a  m e m b r a n o s a :
4
2 , 4 3  
( 8 3 )  
0 A c  
- H  
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1 2 6  
F r o m  t h e  A n t a r c t i c  s p e c i m e n s  o f  D .  m e m b r a n o s a  t h e  t w o  m e t a b o l i t e s  ~(84) 
a n d  ( 8 5 ) ,  r e l a t e d  t o  t h o s e  o f  D a r w i n e l l a  o x e a t a ,  w e r e  i s o l a t e d .
4 2  
L a t e r  
w o r k  o n  t h i s  s p o n g e  a l s o  y i e l d e d  t h e  y e l l o w  p i g m e n t  ( 8 6 ) C  .  
( 8 4 )  
C A c  
H  
· 0  
H  
O H  0  
C O O H  
O H  
( 8 6 )  
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A p l y s i l l a  tango:~ 
A p l y s i l l a  t a n g o ,  a  n e w  s p e c i e s  c o l l e c t e d  f r o m  J e r v i s  B a y ,  N . S . W .  w a s  
f o u n d  t o  c o n t a i n  ( 1 5 )  a l o n g  w i t h  t w o  r e l a t e d  c o m p o u n d s  ( 8 6 )  a n d  ( 8 7 )  
t o g e t h e r  w i t h  t w o  f u r t h e r  c o m p o u n d s  ( 8 8 )  a n d  ( 8 9 ) .  
0 A c  
o  
.~H 
' 0  
' 0  
H  
( 1 5 )  
C O , C H ,  
I  
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( 8 9 1 . .  
( 8 8 )  
D i c t y o d e n d r i l l a  s p . :  
B e r g q u i s t  e s t a b l i s h e d  t h i s  g e n u s  i n  1 9 8 0
9  
a n d  s t a t e d  t h a t  s p e c i e s  
p r e v i o u s l y  a s s i g n e d  t o  t h e  g e n u s  S p o n g i o n e l l a  ( O r d e r  D i c t y o c e r a t i d a )  a n d  
w h i c h  h a v e  a  r e t i c u l a r  r a t h e r  t h a n  d e n d r i d i c  s k e l e t o n  s h o u l d  b e  r e f e r r e d  
t o  t h e  g e n u s  D i c t y o d e n d r i l l a  ( O r d e r  D e n d r o c e r a t i d a ) .  F i v e  d i t e r p e n e s  w e r e  
i s o l a t e d  f r o m  t h e  s p o n g e  r e f e r r e d  t o  a s  S p o n g i o n e l l a  g r a c i l i s ,  ( 1 5 ) «  
w h i c h  h a s  a l s o  . .  b e e n  i s o l a t e d  f r o m  A .  t a n g o ,  a l o n g  w i t h  f o u r  o t h e r s  
( 9 0 ) - ( 9 2 ) 4 6  a n d  ( 9 3 ) 4 S .  
. · / \  
! ! ! !  R , :  H  
! ! . !  R , : H  
R . =  A c  
R a =  H  
D e n d r  i  1 1 a  s p . :  4 7 , 4 8 , 4 9  
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A  s p o n g e  d e s c r i b e d  a s  a  D e n d r i l l a  s p .  c o l l e c t e d  f r o m  P a l a u - ,  W e s t  
~~ 
C a r o l i n e  I s .  w a s  e x t r a c t e d  a n d  t h e  c o m p o u n d s  n o r r i s o l i d e  ( 9 4 ) ,  
d e n d r i l l o l i d e s  ( 9 5 ) - ( 9 9 )  w e r e  i s o l a t e d .  
o  n f O > M e  
. . . .  '  
O A ! :  
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1 ( 9 4 )  
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1 2 9  
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C h e l o n a p l y s i l l a  violacea:~,n 
T h e  s p o n g e  C h e l o n a p l y s i l l a  v i o l a c e a  w a s  e x a m i n e d  f r o m  t h r e e  ' l o c a t i o n s ;  
S y d n e y ,  ( N . S . W . ) ,  J e r v i s  B a y  ( N . S . W .  S o u t h  C o a s t )  a n d  f r o m  L e i g h  N e w  
Z e a l a n d .  
F r o m  b o t h  t h e  S y d n e y  a n d  J e r v i s  B a y  s p e c i m e n s  f o u r  c o m p o u n d s ,  
( 5 4 ) - ( 5 5 )  a n d  ( 1 0 0 ) - ( 1 0 1 )  w e r e  i s o l a t e d .  B o t h  ( 5 4 )  a n d  ( 5 5 )  h a v e  b e e n  
p r e v i o u s l y  r e p o r t e d ,  ( 5 4 ) 1 6  b e i n g  i s o l a t e d  f r o m S .  o f f i c i n a l i s  a n d  ( 5 5 )  
s y n t h e t i c a l l y  p r e p a r e d  b y  h y d r o g e n a t i o n  o f  ( 6 3 )  a l s o  f r o m  S .  
o f f i c i n a l i s .
V  
C o m p o u n d  ( 5 4 ) a n d  ( 5 5 )  w e r e  a l s o  r e c e n t l y  f o u n d  i n  
A p l y s i l l a  v a r .  s u l p h u r e a  ( S e c t i o n  1 .  2 , . 3 ) .  
~ > -
~~-
F r o m  t h e  N e w  Z e a l a n d  s p e c i m e n  t h i r t e e n  d i t e r p e n e  m e t a b a l i t e s ,  ( 3 5 ) ,  
( 5 5 ) ,  ( 9 4 ) ,  ( 9 5 ) ,  ( 9 9 ) ,  ( 1 0 0 )  a n d  ( 1 0 2 ) - ( 1 0 8 )  w e r e  i s o l a t e d .  
( 1 0 0 )  R  =  H  
( 1 0 1 )  O A c  
1 3 0  
o  
, . )  V H  
. 0  
' i " " O A c  
O H  
( 3 5 )  
( 1 0 2 )  
( 1 0 3 )  
H P A c  
( 1 0 4 )  
( 1 0 5 )  
( 1 0 6 )  
.~- J::-~ 
~~ 
( 1 0 7 )  
D y s i d e a  s p .  ( O r d e r  Dictyoceratida):~ 
T w o  s p e c i e s  o f  D y s i d e a ,  b o t h  c o l l e c t e d  i n  t h e  G u l f  o f  S u e z  a n d  
d e s c r i b e d  a s  D y s i d e a  s p . 1  a n d  D y s i d e a  s p . 2 ,  w e r e  e x t r a c t e d ,  b o t h  y i e l d i n g  
c o m p o u n d s  s t r u c t u r a l l y  s i m i l a r  t o  t h o s e  o f  D e n d r i l l a  s p .  ( o r d e r  
D e n d r o c e r a t i d a )  a n d  C h e l o n a p l y s i l l a  v i o l a c i a  ( o r d e r  D e n d r o c e r a t i d a ) .  
T h e  e x t r a c t s  o f  D y s i d e a  s p . 1  a f f o r d e d  t h e  d i t e r p e n e  ( 1 0 1 )  t o g e t h e r  
w i t h  s e v e n  o t h e r  n e w  d i t e r p e n e s  ( 1 0 9 ) - ( 1 1 5 ) .  T h e  e x t r a c t  o f  D y s i d e a  s p . 2  
o n  t h e  o t h e r  h a n d  a l s o  a f f o r d e d  ( 1 0 9 )  t o g e t h e r  w i t h  t h e  f u r t h e r  n e w  
d i t e r p e n e s  ( 1 1 6 ) - ( 1 1 8 ) .  
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( 1 1 8 )  R . = O H , R Z = H  
1 3 1  
F o r  a n y  s o r t  o f  c h e m o t a x o n o m i c  w o r k  t o  b e  a p p l i c a b l e  i t  i s  i m p o r t a n t  
t o  h a v e  a  g o o d  t a x o n o m i c  r e p r e s e n t a t i o n  o f  s p e c i e s  a n d  t b e  t a x o n o m y  o f  t h e  
s p e c i e s  m u s t  b e  c o r r e c t .  F o r  e x a m p l e  t w o  s p o n g e s  w h i c h  w e r e  o r i g i n a l l y  
r e f e r r e d  t o  i n  e a r l i e r  p a p e r s  a s  b e l o n g i n g  t o  t h e  A p l y s i l l a  g e n u s ,  A .  
s u l p h u r e a  a n d  A .  r o s e a  w e r e  t h e n  p l a c e d  i n  t h e  g e n u s  D a r w i n e l l a  ( O r d e r  
D e n d r o c e r a t i d a ) .  I t  a l s o  r e m a i n s  p o s s i b l e  t h a t  A .  t a n g o  i s  a l s o  a  m e m b e r  
1 3 2  
o f  D a r w i n e l l a .  T h e s e  s p o n g e s  r e m a i n  a  p o i n t  o f  c o n f u s i o n  s i n c e  t h e  g e n u s  
D a r w i n e l l a  c o n t a i n s  s p o n g i n  s p i c u l e s
8  
w h i l e  t h e  a p l y s i l l i d s  a r e  d e v o i d  o f  
a n y  s u c h  s p i c u l e s .  I n  t h i s  r e v i e w  t h e  g e n u s  D a r w i n e l l a  w a s  r e t a i n e d ,  
s i n c e  t h e  c h e m i c a l  w o r k  a n d  t a x o n o m i c  i d e n t i f i c a t i o n  o f  b o t h  D .  o x e a t a  a n d  
D .  r o s e a  w e r e  c o n d u c t e d  i n  t h e  s a m e  lab~ratory a n d  b y  t h e  s a m e  g r o u p .  
T h e  i s o l a t i o n  o f  b o t h  i d e n t i c a l  a n d  s i m i l a r  m e t a b o l i t e s  fro~ t h e  t w o  
s p o n g e s  i d e n t i f i e d  a s  A p l y s i l l a  r o s e a  a n d  D e n d r i l l a  r o s e a ,  l e a v e s  i n  
q u e s t i o n  w h e t h e r  t h e s e  t w o  s p o n g e s  a r e  o n e  a n d  t h e  s a m e  b u t - g r o w i n g  i n  
d i f f e r e n t  f o r m s  d e p e n d i n g  o n  h a b i t a t  a v a i l a b l e .  
: i e - ' -
" ; ;  -
H o w e v e r  e v e n  w i t h  t h e s e  s h o r t c o m i n g s  a t  t h e  g e n e r i c  l e v e l ,  - - t h e  
d i s t i n c t i o n  a t  t h e  o r d i n a l  l e v e l  s e e m s  l e s s  c o n f u s e d .  C h e m i c a l l y  t w o  
p o i n t s  o f  a f f i n i t y  b e t w e e n  t h e  o r d e r s  D i c t y o c e r a t i d a  a n d  D e n d r o c e r a t i d a  
c a n  b e  e n v i s a g e d :  b e t w e e n  s o m e  s p e c i e s  o f  t h e  g e n e r a  S p o n g i a  a n d  A p l y s i l l a  
o r  D e n d r i l l a ,  a n d  b e t w e e n  s p e c i e s  o f  t h e  g e n e r a  D y s i d e a  a n d  t h o s e  o f  
C h e l r n a p l y s i l l a a n d  D e n d r i l l a .  
B i o l o g i c a l l y ,  B e r g q u i s t
2  
h a s  f o u n d  t h a t  w i t h i n  t h e  D i c t y o c e r a t i d s  t h e  
f a m i l y  D y s i d e i d a e  m o s t  r e s e m b l e  t h e  D e n d r o c e r a t i d s ;  t h e  D y s i d e i d a e  h a v i n g  
r e t a i n e d  a  s i m p l e  h i s t o l o g y  a n d  e u r y p y l o u s  c h o a n o c y t e  chamber~but 
~~ 
d e v e l o p i n g  t h e  a n a s t o m o s i n g  f i b r e  s k e l e t o n .  I t  i s  t h i s  an~~tomosing 
s k e l e t o n  w h i c h  h a s  a l l o w e d  t h e  e v o l u t i o n  o f  b o d i e s  o f  g r e a t  c o h e r e n c e  a n d  
s i z e  i n  t h e  F a m i l y  S p o n g i i d a e .  H e n c e  b o t h  t h e  b i o l o g i c a l  a n d  c h e m i c a l  
e v i d e n c e  s u p p o r t s  a n  a f f i n i t y  b e t w e e n  t h e  t w o  o r d e r s  D i c t y o c e r a t i d a  a n d  
D e n d r o c e r a t i d a .  
T h e  s i m i l a r i t y  o f  t h e  m e t a b o l i t e s  b e t w e e n  t h e  S p o n g i a  s p e c i e s  a n d  
t h o s e  o f  t h e  D e n d r i l l a  a n d  A p l y s i l l a  s p e c i e s  m a y  b e  a  c a s e  o f  c o n v e r g e n t  
e v o l u t i o n  o f  t h e  c h e m i c a l  p a t h w a y s  t o  p r o d u c e  s i m i l a r  c o m p o u n d s .  
I t  h a s  a l s o  b e e n  a n t i c i p a t e d  t h a t  t h e  o x i d a t i o n  p a t t e r n  a n d  s t r u c t u r a l  
t y p e s  o f  t h e  s p o n g i a n  m e t a b o l i t e s  m a y  b e  u s e d  i n  taxono~y: S p o n g i a  s p e c i e s  
h a v i n g  o x i d a t i o n  i n  t h e  A  a n d  C  r i n g s  w h i l e  t h o s e  o f  t h e  D e n d r o c e r a t i d s  
1 3 3  
c o n t a i n e d  o x i d a t i o n  i n  t h e  B  r i n g .  n e v e r  i n  t h e  A  a n d  C  r i n g s .  I n  s o m e  
s p e c i e s  o f  D e n d r o c e r a t i d s  r e a r r a n g e m e n t  o f  t h e  B  r i n g  i s  a l s o  possible.~~l 
H o w e v e r  w i t h  t h e  d i s c o v e r y  o f  t h e  d i t e r p e n e s  m e t a b o l i t e s  f r o m  D y s i d e a  
s p . l  a n d  2  t o g e t h e r  w i t h  t h o s e  f r o m  A p l y s i l l a  p a l l i d a .  s h o w  t h a t  t h e  
c h e m o t a x o n o m i c  s i t u a t i o n  i s  n o t  a s  c l e a r - c u t  a s  f i r s t  a n t i c i p a t e d .  
T h e  m e t a b o l i t e s  o f  t h e  D y s i d e a  s p e c i e s  a r e  o x i d i s e d  a n d  r e a r r a n g e d  i n  
t h e  B  r i n g  w h i l e  t h o s e  o f  A . p a l l i d a .  w h i c h  i s  d e f i n i t e l y  a  D e n d r o c e r a t i d  
( s e e  S e c t i o n  1 . 3 . 1 )  a r e  o x i d i s e d  a t  C l l .  C 1 2  a n d  C 1 3 ;  i n  t h e  C  r i n g .  
T h e s e  t w o  s i t u a t i o n s  w e r e  d e s c r i b e d  a s  b e i n g  a t y p i c a l  f o r  t h e J ; r " r e s p e c t i v e  
o r d e r s .  H e n c e  t h i s  s h o w s  t h e  i m p o r t a n c e  o f  c o r r e l a t i n g  b o t h  b f o l o g i c a l  
a n d  c h e m i c a l  d a t a  a s  w e l l  a s  h a v i n g  a  l a r g e  e n o u g h  r e p r e s e n t a t i o n  o f  
s p o n g e  s p e c i e s  b e f o r e  a n y  c h e m o t a x o n o m i c  a p p l i c a t i o n  c a n  b e  c o n f i d e n t l y  
m a d e .  
-~ ~-
" ' - ,  
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Orthoscu~icella macula~a 
Or~hoscu~icella macula~a B u s k  ( f a m i l y :  V i t t a t i c e l l i d a e )  ( P l a t e s  6 - 1 0 )  
i s  a  m e m b e r  o f  t h e  C a t e n i c e l l i f o r m  B r y o z o a  ( P h y l u m :  B r y o z o a ,  C l a s s :  
G y m n o l a e m a t a ,  O r d e r :  C h e i l o s t o m a t a ,  S u b o r d e r ;  A s c o p h o r a n ) .  
A  s i n g l e  c o l l e c t i o n  w a s  m a d e  f r o m  ' T o r p e d o  T u b e s '  o n  t h e  n o r t h e r n  s i d e  
o f  J e r v i s  B a y .  A  s a m p l e  o f  t h e  b r y o z o a n  w a s  i d e n t i f i e d  b y  D r  R .  W a s s  o f  
t h e  D e p a r t m e n t  o f  G e o l o g y  a n d  G e o p h y s i c s ,  U n i v e r s i t y  o f  S y d n e y .  
~ 
D e s c r i p t i o n
2 3
, 2 4 , 5 2 , S 3 , S 4 .  
V i t t a t i c e l l i d a e  B r y o z o a  a r e  c h a r a c t e r i s e d  b y  a  c a t t e n i c e l l i d  g r o w t h  
h a b i t .  T h e s e  g r o w t h  h a b i t s  a r e  d e f i n e d  b y  i n d i v i d u a l  c a l c i f i e d  z o J d s  
w h i c h  a r e  c o n n e c t e d  t o g e t h e r  b y  c h i t i n o u s  n o d e s  t o  f o r m  a n  e r e c t ,  f l e x i b l e  
( j o i n t e d )  c o l o n y  ( P l a t e  6 ) .  I n  t h e  f o s s i l  r e c o r d  m e m b e r s  o f  t h e  
c a t e n c e l l i f o r m  b r y o z o a n s  a r e  r e p r e s e n t e d  b y  m a n y  h u n d r e d s  o f  u n c o n n e c t e d  
z o o e c i a  a n d  a r e  v e r y  r a r e l y  f o u n d  a s  c o l o n i e s .  B e c a u s e  o f  t h i s ,  e a r l y  
t a x o n o m i c  s t u d i e s  a r e  l i t t e r e d  w i t h  s p e c i e s  n a m e s  b a s e d  o r r " a  : s i n g l e  
- :  ~ ~-=~ 
s p e c i m e n  w i t h o u t  a n y  c o n s i d e r a t i o n  f o r  i n t e r c o l o n i c a l  varia~ions o r  
c o r r e l a t i o n s  b e t w e e n  o v i c e l l e d  a n d  n o n  o v i c e l l e d  z o o e c i a  
T h e  z o o e c i a  m a y  b e  e i t h e r  s i n g l e  z o o e c i a  ( P l a t e s  7 - 8 ) ,  o r  t w o  z o o e c i a  
( a  g e m i n a t e  p a i r )  i n  a  m o t h e r - d a u g h t e r  r e l a t i o n s h i p  ( P l a t e s  9 - 1 0 ) .  T h e s e  
z o o e c i a ,  b o t h  s i n g l e  a n d  g e m i n a t e  p a i r  m a y o r  m a y  n o t  b e  o v i c e l l e d .  
T h e  c a t e n i c e l l i f o r m  b r y o z o a n  c o l o n i e s  a r e  a b l e  t o  w i t h s t a n d  
c o n s i d e r a b l e  c u r r e n t  a c t i o n  b e c a u s e  o f  t h e i r  f l e x i b l e  s t r u c t u r e s .  T h e y  
h a v e  b e e n  r e c o r d e d  t h r o u g h o u t  t h e  w o r l d  i n  c u r r e n t - d o m i n a t e d  e n v i r o n m e n t s  
a n d  f o r m  t h e  m a j o r  p a r t  o f  t h e  b i o t a  i n  t h e s e  e n v i r o n m e n t s .  F o r  e x a m p l e ,  
t h e y  h a v e  b e e n  r e c o r d e d  i n  a r e a s  wit~£urrents v a r y i n g  f r o m  5 0  c m / s e c  t o  3  
m / s e c  a n d  t o  d e p t h s  o f  m o r e  t h a n  2 0 0  m .  
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F i g  2 9  
F i g  3 0  
F e e d i n g  i n  c a t e n 1 c e l 1 1 f o r m  b r y o z o a  i s  a c h i e v e d  b y  e x t e n d i n g '  a  r i n g  o f  
t e n t a c l e s  f r o m  t h e  a p e r t u r e  ( F i g .  2 9 ) .  T h e s e  t e n t a c l e s ,  i n  a  s i m i l a r  
f a s h i o n  t o  t h e  c h o a n o c y t e  c e l l s  i n  s p o n g e s ,  d i r e c t  w a t e r  t o w a r d s  t h e  m o u t h  
w h i c h  t h e n  f i l t e r s  o u t  o r g a n i c  m a t e r i a l .  T h e  e x t r u s i o n  o f  t h e s e  t e n t a c l e s  
i n  A s c o p h o r a n  b r y o z o a  i s  a c h i e v e d  b y  e x p a n d i n g  t h e  a s c u s  w h i c h  i s  
c o n t r o l l e d  b y  m u s c l e s .  T h e  a p e r t u r e  i s  c o v e r e d  b y  a  c u t i c l e  f l a p  ( C F )  
( F i g  3 0 )  h i n g e d  a t  t h e  b a s e  o f  t h e  a p e r t u r e .  T h i s  f l a p  o p e n s  w h e n  f e e d i n g  
a n d  i s  c l o s e d  f o r  p r o t e c t i o n .  
I d e n t i f i c a t i o n  o f  t h e  c a t e n i c e l l i f o r m  b r y o z o a n s  i s  b a s e d  o n  t h e  
b r a n c h i n g  p a t t e r n  e x h i b i t e d  i n  t h e  c o l o n i e s ,  t h e  s h a p e  ana'~ymmetry o f  t h e  
- " 5 : ' -
z o i d s  a n d  t h e  p a t t e r n  p r e s e n t e d  o n  t h e  z o o e c i a ,  e . g .  t h e  n~er o f  
i n f r a c o s t a l  w i n d o w s  i n  t h e  f r o n t a l  w a l l ,  t h e  s h a p e  o f  t h e  z~ids a n d  t h e i r  
s y m m e t r y  e f f e c t  a n d  t h e  b r a n c h i n g  p a t t e r n  o f  a  c o l o n y ,  p a r t i c u l a r l y  i n  t h e  
c a t e n i c e l l i d s .  T h e r e  i s  a  r e g u l a r  p a t t e r n  o f  f o r m a t i o n ,  p o s i t i o n  a n d  
n u m b e r  o f  z o i d s  i n  t h e  f a m i l y  V i t t a t i c e l l i d a e .  
T h e  s c a n n i n g  e l e c t r o n  m i c r o s c o p y  p r i n t s  ( P l a t e s  7 - 1 0 )  a r e  t h o s e  o f  
O r c h o s c u C i c e l l a  m a c u l a  C a  ,  s h o w i n g  t w o  s i n g l e  z o o e c i a  ( P l a t e  7 - 8 )  a n d  t w o  
g e m i n a t e  p a i r s  ( P l a t e  9 - 1 0 ) .  
T h e  s i n g l e t s  ( P l a t e  7 )  a r e  a b o u t  0 . 6  m m  l o n g  a n d  0 . 3  m m  w i d e .  I t  h a s  
a  s e m i c i r c u l a r  o r i f i c e  ( 0 )  ~ith a  p r o x i m a l  l i p  n o r m a l  t o  t h e  g r o w t h  
d i r e c t i o n .  T h e  o r i f i c e  i s  a s  l o n g  a s  i t  i s  w i d e  ( 0 . 1 5  x  0 . 1 5  m m m ) ,  t h e  
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w i d t h  b e i n g  s i m i l a r  t o  t h e  d i s t a n c e  a p a r t  o f  t h e  t w o  m o s t  d i s t a l  w i n d o w s  
( W )  i n  t h e  f r o n t a l  w a l l .  
T h e  f r o n t a l  w a l l  i s  d o m i n a t e d  b y  s e v e n  i n f r a c o s t a l  w i n d o w s  ( W ) .  T h e s e  
w i n d o w s  a r e  u n c a l c i f i e d  a r e a s  w h i c h  a r e  c o v e r e d  b y  a  t h i c k e n e d  c u t i c l e .  
T h e  n u m b e r  o f  w i n d o w s  i s  f a i r l y  c o n s t a n t  w i t h i n  s p e c i e s  a n d  i s  u s e d  i n  
p a r t  f o r  i d e n t i f i c a t i o n .  
T h e  p r o x i m o  l a t e r a l  c h a m b e r s  ( P )  a r e  l o n g  a n d  n a r r o w ,  e x t e n d i n g  n e a r l y  
t h e  c o m p l e t e  l e n g t h  o f  t h e  f r o n t a l  w a l l .  T h e s e  c h a m b e r s  a r e  p a r t i t i o n s  o f  
b o d y  c a v i t y  s e p a r a t e d  f r o m  t h e  p e r i g a s t r i c  c o e l o m  b y  a n  i n t e r n a l  
c a l c a r e o u s  w a l l .  T h i s  c a l c a r e o u s  w a l l  i s  p e r f o r a t e d  b y  t e n  o r  s o  
c o m m u n i c a t i o n  p o r e s  ( C P ) .  E x t e r n a l l y  t h e  c h a m b e r s  a r e  c o v e r e d  b y  a n  
u n c a l c i f i e d  c u t i c l e  ( F i g  3 0 ) .  
T h e r e  a l s o  t h r e e  d i s t o l a t e r a l  c h a m b e r s :  t h e  i n f e r i o r  ( I ) ,  s u p e r i o r  ( 5 )  
a n d  m e d i a n  d i s t o l a t e r a l  c h a m b e r s  ( M ) .  T h e  f i r s t  t w o  a r e  s i m i l a r  i n  
c o m p o s i t i o n  t o  t h e  p r o x i m o  l a t e r a l  c h a m b e r s  a n d  c o m m u n i c a t e  w i t h  t h e  m e d i a n  
d i s t o l a t e r a l  c h a m b e r ,  w h i c h  i n  t u r n  i s  c o n n e c t e d  t o  t h e  p e r i g a s t r i c  c o e l o m  
b y  c o m m u n i c a t i o n  p o r e s .  
W i t h  t h e s e  e x t e r n a l  c u t i c l e  c o v e r s  t h e  l i v i n g  z o i d s  a p p e a r s - a s  a  
.~~ 
r a t h e r  f e a t u r e l e s s  u n d e c o r a t e d  a n i m a l  ( F i g .  3 0 )  a n d  o n l y  wh~ c h e m i c a l l y  
c l e a n e d  d o  t h e  t r u e  p a t t e r n s  a r i s e .  
A t  t h e  d i s t a l  e n d  o f  t h e  z o i d  i s  t h e  m e d i a n  d i s t a l  c h a m b e r  ( M O )  w h i c h  
i s  c o n n e c t e d  b y  a  J o i n t  t o  t h e  n e x t  d i s t a l  z o i d .  
I n  t h e  d o u b l e t s  ( P l a t e  9 - 1 0 )  t h e  d a u g h t e r  z o i d  ( D )  i s  a l w a y s  s i t u a t e d  
a b o v e  t h e  m o t h e r  z o i d  ( M O ) .  T h e  d a u g h t e r  z o i d  i s  n o t  c o n n e c t e d  t o  i t s  
m o t h e r  b y  a  c h i t i n o u s  j o i n t  b u t  i s  b r o a d l y  a d h e r e n t  t o  i t . .  T h e  d a u g h t e r  
z o i d  h a s  i n  g e n e r a l  f i v e  w i n d o w s ;  t h e  m o t h e r  h a s  s e v e n  a s  i n  t h e  s i n g l e t s .  
I n  b o t h  s i n g l e t s  a n d  d o u b l e t s  a  l i n e  f u s i o n  ( I F )  i s  s e e n  w h e r e  t h e  
componen~~ o f  t h e  t w o  b i l a t e r a l  c o m p o n e n t s  m e e t .  
Plate 6. Orthoscutilla maculata. 
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Plate 7. 
Plate 8. 
Orthoscutilla maculata. Frontal view of a 
singlet zoid. (xl60) 
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Orthoscutl11a maculata. Basal view of a 
singlet zQid. (x240) 
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Plate 9. 
Plate 10. 
Orthoscutilla maculata. Frontal view of a 
doublet [Mother (MO)-daughter (D)] zoid. 
(x130) 
Orthoscutilla maculata. Frontal. view of a 
doublet [mother (MO)-daughter (D)] zoid. 
(x120) 
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Collection and Extraction 
The bryozoan Orthoscuticella maculata was collected at 'Torpedo 
Tubes', Jervis Bay. The bryozoan was found as fine brown orange feather
 
like growths which arose ~ the substrata to a height of around 10 cm. 
The growth occurred on the exposed vertical rock face within a thin 
channel at a depth of 25 m. The material was removed from the rock by 
hand and gathered in a stocking. The bryozoan was then placed in a i --
plastic bag and transported back to Sydney. The wet brozoan \about 50 g) ~ 
was then freeze dried for 48 hours reducing the weight to 33 g: - The major 
portion of this mass is however due to the calcium carbonate shell. 
The dried bryozoan was then ground to a powder and extracted by 
shaking the material in ammoniated methanol (5 x 250 ml) for 24 hours. 
The extracts were filtered and the solvent removed under vacuum. Ethyl 
acetate (50 ml) was then added to the dark brown gum and then extracted 
with 10 % hydrochloric acid solution (5 x 20 ml). 
The ethyl acetate extract was then washed with brine, dried over 
sodium sulphate and the solvent removed under vacuum, yie1d.it~r;-·a dark 
- ~:, 
brown gum (250 mg). The gum was then chromatographed under-gravity on 
flash silica with dichloromethane and then increasing portions of ethyl 
acetate/dich1oromethane. IH n.m.r. spectral analysis of the fractions 
revealed only long chain lipids, triglycerides and a cholesterol type 
sterol fraction. Therefore no further work was performed on these 
fractions. 
Basification of the acid extracts obtained (ammonia ~olution, 10M) 
followed by extraction with chloroform (5 x 50 ml) and removal of the 
solvent (under vacuum) yielded a dark brown gum (20 mg). Mayer's reagent 
test of this extract showed positive, indicating the presence of 
alkaloids. The gum was then subjected to flash silica chromatography 
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e l u t i n g  w i t h  c h l o r o f o r m / m e t h a n o l  ( 1 0 0 / 0  t o  9 0 / 1 0 )  t o  a f f o r d  a n  a l k a l o i d  
f r a c t i o n .  P r o g r e s s  o f  t h e  c o l u m n  w a s  f o l l o w e d  b y  t . l . c . ,  o b s e r v e d  u n d e r  
u . v .  l i g h t  a n d  d e v e l o p e d  w i t h  D r a g e n d o f f  r e a g e n t .  F u r t h e r  p u r i f i c a t i o n  
w a s  a c h i e v e d  b y  h . p . l . c . ,  f i r s t  u s i n g  CHCl~eOH/NEtj ( 9 7 . 7 / 2 / 0 . 3 )  a n d  
t h e n  f i n a l l y  w i t h  C H C l 3 i M e O H  ( 9 5 / 5 ) .  T h i s  t h e n  a f f o r d e d  p u r e  
l-ethyl-~-carboline ( 2  m g ,  6  x  1 0 -
3  
%  o f  d r y  b r y o z o a n ) .  
C o m p a r i s o n  o f  t h e  I H  n . m . r .  a n d  m a s s  s p e c t r a  w i t h  t h o s e  r e p o r t e d  i n  
l i t e r a t u r e 2 9  c o n f i r m e d  t h e  i d e n t i t y  o f  t h i s  c o m p o u n d .  T h e r e  h a v e  o n l y  
.  
b e e n  t w o  p r e v i o u s  r e p o r t s  i n  t h e  l i t e r a t u r e  o f  t h e  m e t a b o l i t e =  . .  
l-ethyl-~-carboline ( 5 6 ) .  T h e  f i r s t  r e p o r t  w a s  f r o m  t h e  r o o t s  · o · f  t h e  
t r o p i c a l  A f r i c a n  t r e e  H a n n o a  k l a i n e a n a . 2 9  I t  w a s  i s o l a t e d  t o g e t h e r  w i t h  
f o u r  o t h e r  s i m i l a r  ~-carbolines. T h e  o n l y  o t h e r  r e p o r t  w a s  f r o m  a n o t h e r  
c a t e n i c e l l i d  b r y o z o a n  C o s t a t i c e l l a  h a s t a t a .
2 8  
H o w e v e r ,  d e c o u p l i n g  
f ' V \ ' ' l o - t "  
e x p e r i m e n t s  i n  t h e  I H  n . m . r .  s p e c t r u m  i n d i c a t e d  t h a t  r e a s s i g n m e n t  o f  t h e  I H  
1 \  
n . m . r .  s p e c t r u m  w a s  i n  o r d e r  ( r e f e r  t o  e x p e r i m e n t a l  S e c t i o n  1 . 3 . 4 ) .  
" " , , -
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( 5 6 )  
1 . 3  E X P E R I M E N T A L  
E x c e p t  w h e r e  o t h e r w i s e  s t a t e d  t h e  f o l l o w i n g  g e n e r a l i z a t i o n s  a p p l y .  
M e l t i n g  p o i n t s  a r e  u n c o r r e c t e d  a n d  w e r e  d e t e r m i n e d  o n  a  R e i c h e r t  
q p , . .  . . . .  h l ! > .  
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m e l t i n g  p o i n t
A  
O p t i c a l  r o t a t i o n s  w e r e  d e t e r m i n e d  f o r  c h l o r o f o r m  s o l u t i o n s  
o n  a  P e r k i n - E l m e r  2 4 1  p o l a r i m e t e r .  A n a l y s e s  w e r e  p e r f o r m e d  b y  t h e  
A u s t r a l i a n  M i c r o a n a l y t i c a l  S e r v i c e ,  M e l b o u r n e .  U l t r a v i o l e t  s p e c t r a  w e r e  
m e a s u r e d  f o r  e t h a n o l  s o l u t i o n s  o n  a  P e r k i n - E l m e r  4 0 2  s p e c t r o m e t e r  a n d  
i n f r a r e d  s p e c t r a  f o r  c h l o r o f o r m  s o l u t i o n s  o n  a  B i o - R a d  F I S  2 0 / 8 0 '  
s p e c t r o m e t e r  b y  M r .  R .  A p p i o .  E l e c t r o n  i m p a c t  m a s s  s p e c t r a  ( l o w  a n d  h i g h  
r e s o l u t i o n )  w e r e  o b t a i n e d  w i t h  a n  A . E . I .  M S 9 0 2  s p e c t r o m e t e r  e q u i p p e d  w i t h  
a  D S 3 0  d a t a  s y s t e m  b y  D r  I .  B r o w n ,  M r  M .  S m y t h  o r  M r  A .  S c h e n k .  C h e m i c a l  
i o n i z a t i o n  ( m e t h a n e )  m a s s  s p e c t r a  w e r e  o b t a i n e d  w i t h  a n  A . E . I .  M S 3 0  
s p e c t r o m e t e r .  G a s - l i q u i d  c h r o m a t o g r a p h y  w a s  p e r f o r m e d  o n  a  
H e w 1 e t t - P a c k a r d  4 0 2  i n s t r u m e n t  w i t h  a  1 . 4 6  x  0 . 0 0 2  m  c o l u m n  p a c k e d  w i t h  3 %  
O V - 1 7  o n  G a s  C h r o m  Q .  
.:.~ 
~~ 
l H  n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a  w e r e  m e a s u r e d  a t  ' 4 0 0  M H z  f o r  
d e u t e r o c h l o r o f o r m  s o l u t i o n s  o n  a  B r u k e r  W M - 4 0 0  o r  a  V a r i a n  X L - 4 0 0  
i n s t r u m e n t  b y  D r  B .  R o w e ,  D r  J .  N e m o r i n ,  M i s s  S .  B o y d  o r  M r  N .  B a m p o s .  I H  
n . m . r .  s p e c t r a  m e a s u r e d  a t  2 0 0  M H z  o n  a  B r u k e r  H X - 2 0 0  i n s t r u m e n t  b y  t h e  
a u t h o r .  F o r  r o u t i n e  h i g h  r e s o l u t i o n  s t u d i e s  6 4  x  2
1 0  
d a t a  p o i n t s  w e r e  
u s e d  f o r  a  s p e c t r a l  w i n d o w  o f  3 0 0 0  H z ,  g i v i n g  d i g i t a l  r e s o l u t i o n  o f  0 . 0 9  
H z ,  a n d  L o r e n t z  t o  G a u t i a n  m u l t i p l i c a t i o n  w a s  a p p l i e d  t o  , t h e  a c q u i r e d  
f . i . d  . .  l H  s p i n - l a t t i c e  r e l a x a t i o n  t i m e s  w e r e  o b t a i n e d  b y  t h e _  
i n v e r s i o n - r e c o v e r y  p u l s e  s e q u e n c e ,  t h e  n u l l - p o i n t  m e t h o d  b e i n g  u s e d ;  
p a r t i a l l y - r e l a x e d  s p e c t r a  w e r e  o b t a i n e d  i n  a  s i m i l a r  m a n n { ! ; Y ; , .  C h e m i c a l  
s h i f t s  a n d  c o u p l i n g  c o n s t a n t s  w e r e  d e r i v e d  f r o m  f i r s t - o r d e r  c o n s i d e r a t i o n s  
1 4 0  
a n d  w e r e  c o n f i r m e d  b y  d o u b l e  r e s o n a n c e  e x p e r i m e n t s  w h e r e v e r  p o s s i b l e .  
N u c l e a r  O v e r h a u s e r  e n h a n c e m e n t  s p e c t r a  w e r e  o b t a i n e d  a t  4 0 0  M H z  i n  t h e  
d i f f e r e n c e  m o d e  b y  t h e  g e n e r a l  m e t h o d  o f  H a l l  a n d  Sanders,~ 1 6  t r a n s i e n t s  
( p r e c e e d e d  b y  t w o  d u m m y  s c a n s )  b e i n g  c o l l e c t e d  a f t e r  p r e i r r a d i a t i o n  a t  a  
s e l e c t e d  f r e q u e n c y  f o r  2 - S s  (~SxTl). U p  t o  1 0  f r e q u e n c i e s  a n d  o n e  
c o n t r o l  w e r e  r u n  i n  s e q u e n c e ,  a n d  t h e  c y c l e  r e p e a t e d  1 5 - 2 0  t i m e s ,  w h i c h  
g a v e  t o t a l  a c c u m u l a t i o n s  o f  2 0 0 - 4 0 0  t r a n s i e n t s  p e r  i r r a d i a t i o n .  T h e  
f . i . d .  r u n s  w e r e  c a r r i e d  o u t  w i t h  1 6  x  2 1 0  d a t a  p o i n t s  o v e r  4 0 0 0  H z ;  a  
l i n e  b r o a d e n i n g  o f  1 H z  w a s  a p p l i e d  t o  e a c h  f . i . d .  b e f o r e  p r o c e s s i n g  
( s u b t r a c t i o n  o f  t h e  c o n t r o l  f . i . d .  a n d  F o u r i e r  t r a n s f o r m a t i o n  o f  t h e  
d i f f e r e n c e  f . i . d . ) .  T h e  i r r a d i a t i o n  p o w e r  ( ' 4 S L ' )  w a s  l e s s  t h a n  o p t i m u m  
f o r  s a t u r a t i o n  a n d  t h e  e n h a n c e m e n t s  o b s e r v e d  a r e  l e s s  t h a n  t h e o r e t i c a l l y  
p o s s i b l e .  R e s u l t s  a r e  t h e r e f o r e  o n l y  q u a l i t a t i v e l y  c o m p a r a b l e ;  
e n h a n c e m e n t s  d o w n  t o  0 . 1 %  w e r e  r o u t i n e l y  d e t e c t a b l e .  2 D  s h i f t - c o r r e l a t e d  
( C O S Y )  s p e c t r a  w e r e  o b t a i n e d  b y  t h e  g e n e r a l  m e t h o d  o f  B a x  a n d  Freema~ .  
w i t h  a  9 0 ' - t l - 4 S '  p u l s e  s e q u e n c e  u s i n g  a p p r o p r i a t e  p h a s e  c y c l i n g  t o  e n s u r e  
q u a d r a t u r e  d e t e c t i o n  i n  t h e  F l  d i m e n s i o n .  T h i r t y  t w o  o r  4 8  t r a n s i e n t s  
( p r e c e d e d  b y  2  d u m m y  s c a n s )  w e r e  c o l l e c t e d  a f t e r  d e l a y s  o f  ~ s e c ;  2  x  2 1 0  
. . . .  
~--
d a t a  p o i n t s  w e r e  c o l l e c t e d  i n  t h e  F 2  d i m e n s i o n  o v e r  2 5 0 0  H z ; - a n d  5 1 2  
i n c r e m e n t s  c o l l e c t e d  i n  t h e  F l  d i m e n s i o n  ( z e r o  f i l l e d  t o  1  x  2 1 0 ) ,  g i v i n g  
a  2 1 0  x  2 1 0  m a t r i x  f o r  a b s o l u t e  v a l u e  c a l c u l a t i o n .  A  s h i f t  s i n e - b e l l  
w i n d o w  w a s  u s u a l l y  a p p l i e d  i n  b o t h  d i m e n s i o n s .  
l 3 C  n . m . r .  s p e c t r a  w e r e  m e a s u r e d  i n  t h e  n o i s e - d e c o u p l e d  m o d e  w i t h  J e o l  
F X - 6 0 Q  ( 1 5  M H z ) ,  V a r i a n  X L - 4 0 0  ( 1 0 0  M H z )  o r  B r u k e r  W M - 4 0 Q  ( 1 0 0 . 6 2  M H z )  
i n s t r u m e n t s ,  b y  D r  B .  R o w e ,  D r  J .  N e m o r i n ,  M i s s  S .  B o y d  o r  M r  N .  B a m p o s .  
C o u p l e d  s p e c t r a  w i t h  g a t e d  d e c o u p l i n g  f o r  n . O . e .  a n d  w i t h  s e l e c t i v e  
l o w - p o w e r  l H  d e c o u p l i n g  w e r e  o b t a i n e d  b y  t h e n X Q c e d u r e s  p r e v i o u s l y  
d e s c r i b e d .  A l l  n . O . e .  a n d  2 D  n . m . r .  e x p e r i m e n t s  w e r e  m e a s u r e d  b y  P r o f .  
1 4 1  
W . C .  T a y l o r  a n d  t r a n s f o r m e d  b y  t h e  a u t h o r .  
T h e  s i n g l e  c r y s t a l  X - r a y  s t r u c t u r e , o f  a p l y p a l l i d e n o n e ,  a p l y p a l l i d o x o n e  
a n d  t h e  p - b r o m o b e n z o a t e  o f  a p l y r o s e o l - l  w e r e  m e a s u r e d  b y  D r  T .  H a m b l e y  
w i t h  a n  E n r a f - N o n i u s  C A D 4 - F  d i f f r a c t o m e t e r  w i t h  M o K o  r a d i a t i o n .  
M e r c k  s i l i c a  g e l  ( 4 0 - 6 3  ~) w a s  u s e d  f o r  c o l u m n  c h r o m a t o g r a p h y .  
H i g h e r  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  w a s  c a r r i e d  o u t  w i t h  a  W a t e r s  
6 0 0 0 A  s o l v e n t  d e l i v e r y  s y s t e m ;  f o r  p r e p a r a t i v e  s e p a r a t i o n s  e i t b e r  a  n o r m a l  
p h a s e  o r  r e v e r s e  p h a s e  W h a t m a n  5 0  b y  0 . 9 4  c m / P a r t i s i l  10~ M 9  c o l u m n  w a s  
u s e d  w i t h  r . i .  d e t e c t i o n .  F o r  t h i n - l a y e r  c h r o m a t o g r a p h y  M e r c k  6 0 F 2 5 4  
s i l i c a  g e l  p r e c o a t e d  p l a s t i c  s h e e t s  w e r e  u s e d ;  e l u t i o n  w a s  w i t h  e t h y l  
a c e t a t e / d i c h l o r o m e t h a n e  ( 3 / 7 )  a n d  v i z u a l i z a t i o n  w a s  e f f e c t e d  b y  s p r a y i n g  
w i t h  2 %  v a n i l l i n  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  f o l l o w e d  b y  h e a t i n g  a t  
1 0 0 ·  f o r  1  m i n .  
A l l  s o l v e n t s  w e r e  d i s t i l l e d .  L i g h t  p e t r o l e u m  h a d  b . p .  6 0 - 6 5 · .  
---~ 
~;c 
A l l  s p o n g e  a n d  b r y o z o a n  s a m p l e s  w e r e  c o l l e c t e d  b y  t h e  a U t h o r  o n  
S C U B A .  U n d e r w a t e r  p h o t o g r a p h s  w e r e  t a k e n  w i t h  a  N i k o n o s - V  c a m e r a  e q u i p p e d  
w i t h  a  3 5  m m  l e n s  a n d  a  2 : 1  m a c r o  t u b e  w i t h  a n  A q u a s e a - 1 0 0  f l a s h  o n  
E k t i c h r o m e - 2 0 0  f i l m  b y  e i t h e r  D r  P .  K a r u s o  o r  D r  A .  P o i n e r .  A l l  s p o n g e  
s c a n n i n g  e l e c t r o n  m i c r o g r a p h  s a m p l e  p r e p a r a t i o n s ,  m e a s u r i n g  a n d  
p h o t o g r a p h y  w e r e  p e r f o r m e d  b y  t h e  a u t h o r  o n  a  J S M - 3 5 C  s c a n n i n g  e l e c t r o n  
m i c r o s c o p e .  S p o n g e  s a m p l e s  w e r e  p r e f i x e d  i n  e t h a n o l / w a t e r  ( 7 : 3 )  f o r  4  
m o n t h s ,  t h e n  c r i t i c a l  p o i n t  d r i e d  ( C O 2 ) ,  t h e  d r i e d  s a m p l e s  m o u n t e d  o n  
a l u m i n i u m  d i s c s  w i t h  c a r b o n  d a g  a n d  c o a t e d  w i t h  a  2 5  n m  g o l d  f i l m .  
B r y o z o a n  s a m p l e s  f o r  s c a p u i n g  e l e c t r o n  m i c r o s c o p y  w e r e  p r e p a r e d  b y  M r  
D .  S a l t ,  D e p a r t m e n t  o f  G e o l o g y  a n d  G e o p h y s i c s ,  U n i v e r s i t y  o f  S y d n e y .  
1 4 2  
S a m p l e s  w e r e  c l e a n e d  c h e m i c a l l y  o v e r n i g h t  i n  1 0 %  p o t a s s i u m  h y p o c h l o r i t e  
s o l u t i o n ,  w a s h e d  o v e r n i g h t  i n  d i s t i l l e d  w a t e r  a n d  a i r  d r i e d .  M i c r o g r a p h s  
w e r e  o b t a i n e d  e i t h e r  b y  M r  D .  S a l t  o r  t h e  a u t h o r .  
1 .  3 . 1  
A p l y s i l l a  P a l l i d a  
( A )  
D e s c r i p t i o n  
A p l y s i l l a  p a l l i d a  ( P l a t e s  3 - 4 ,  1 1 - 1 4 ) 1  i s  a  r a r e ,  w h i t e  t o  c r e a m y ,  t h i n  
e n c r u s t i n g  s p o n g e  v e r y  s i m i l a r  i n  a p p e a r a n c e  t o  A .  s u l p h u r e a  ( P l a t e  1 )  a n d  
A .  tango.~ T h e  c r u s t s  a r e  1  2  m m  t h i c k ,  v e r y  s o f t  a n d  c o l l a p s i b l e  i n  
t e x t u r e .  T h e  i n h a 1 e n t  p o r e s  a r e  e x c e e d i n g l y  s m a l l ,  w h i l e  t h e  o s c u l a  a r e  
0 . 5  - 1  m m  w i d e ,  f l a t  w i t h  t h e  s u r f a c e  a n d  n u m e r o u s .  
T h e  w h i t e  c r e a m y  c o l o u r  o f  t h e  l i v i n g  s p o n g e  s h o w e d  n o  c h a n g e  o n  _ " "  
d e a t h .  T h e  s p i r i t  s p e c i m e n s  ( E t h a n o l / w a t e r  1 0 : 3 0 )  a l s o  r e t a i n e d  t h e i r  
n a t u r a l  c o l o u r .  T h e  s p o n g e  s u r f a c e  i s  c o v e r e d  w i t h  c o n u 1 e s  ( P l a t e  1 5 )  1  
m m  h i g h  a n d  4  m m  a p a r t .  T h e  c o n u 1 i  a r e  t h e  r e s u l t  o f  f1exib1e~spongin 
~< 
f i b r e s  ( P l a t e s  1 2 - 1 5 )  w h i c h  r i s e  f r o m  t h e  b a s a l  s p o n g i n  m a t " - t h r o u g h  t h e  
m e s o h y 1  t o  t h e  s u r f a c e  w h e r e  i t  s u p p o r t s  t h e  e p i d e r m i s  i n  a  t e n t - l i k e  
f a s h i o n  ( F i g  3 ) .  T h e s e  s p o n g i n  f i b r e s  a r e  s m o o t h ,  u p r i g h t  a n d  e i t h e r  
s i m p l e  ( P l a t e  1 2 )  o r  d e n d r i c a l l y  r a m i f i e d  f i b r e s  ( P l a t e  1 3 - 1 4 ) .  T h e  
h e i g h t  o f  b o t h  s i m p l e  a n d  r a m i f i e d  f i b r e s  a r e  a r o u n d  2 . 5  m m .  T h e  w i d t h  o f  
t h e  s i m p l e  f i b r e s  i s  a r o u n d  0 . 2  m m ,  w h i l e  t h o s e  o f  r a m i f i e d  f i b r e s  i s  0 . 2  
m m  a t  t h e  b a s e  w h i c h  t a p e r  t o  0 . 0 5  m m  a t  t h e  d i s t a l  e n d s  o f  t h e i r  f i n a l  
r a m i f i c a t i o n s ,  w h i c h  t e r m i n a t e  i n  t h e  c o n u l i .  
S i n c e  t h e s e  f i b r e s  o b v i o u s l y  d i s p l a y  n o  a s t o m o s i n g  c o n f i r m s  t h e  s p o n g e  , "  
i s  a  Dendroceratj~~ n o t  a  D i c t y o c e r a t i d .  C o m p a r i s o n  o f  t h e  a p p e a r a n c e s  o f  
A .  t a n g o  a n d  A .  s u l p h u r e a  w i t h  t h o s e  o f  A .  p a l l i d a  i n d i c a t e d  i t  a s  a n  
Plate 11. 
Plate 12. 
Scanning electron micrograph of a simple 
d-i bt~ 
spongiOA from the sponge Aplysilla pallida 
which arise from the the basal spongian mat, 
pass through the mesohyl to the surface 
where they support the epidermis in a tent 
like fashion producing the conules (C) in the 
sponge surface (Fig 3). (x32) 
A ramified spongiO. fibre which also arises 
from the basal spongian mat giving rise to a 
pair of conules (C) on the sponge surface such 
as those in Plate 15. (x32) 
I 
Plate 13. 
Plate 14. 
Another ramified spongi~ fibre from from A. 
pallida. (x32) 
Note that since the fibres display no 
anastomosing confirms the sponge is within 
the the order Dendroceratida and not a 
member of the order Dictyoceratida. By analogy 
with Fig 3 also confirms the sponge as an 
aplysillid type. 
A pair of conules (C) arising from a ramified 
spongin fibre such as those in Plates 13 and 14. 
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A p l y s i l l i d .  
( B )  C o l l e c t i o n  a n d  E x t r a c t i o n  
A p l y s i l l a  p a l l i d a  w a s  c o l l e c t e d  f r o m  t w o  l o c a t i o n s  B a r e  I s ,  S y d n e y  a n d  
B a s s  ( P i g )  I s ,  W o l l o n g o n g .  S p e c i m e n s  f r o m  t h e  B a r e  I s .  S y d n e y  l o c a t i o n  
w e r e  c o l l e c t e d  a t  a  d e p t h  o f  1 0  - 1 5  m  a n d  o n l y  e v e r  f o u n d  o n  t h e  c e i l i n g s  
o f  s m a l l  c r e v i c e s  a n d  c a v e s ;  a w a y  f r o m  d i r e c t  s u n l i g h t .  A l l  o t h e r  w h i t e  
c r e a m y  a n d  g r e y  s p o n g e s  f o u n d  e x p o s e d  p r o v e d  ( b y  t . l . c . )  n o t  t o · b e  A .  
p a l l i d a .  
E x p o s e d  c r u s t s  o f  A . p a l l i d a  w e r e  h o w e v e r  f o u n d  t o  g r o w  w i t h i n  a  d e p t h  
r a n g e  2 3  - 2 7  m  a t  B a s s  I s  W o l l o n g o n g ,  T h e  o n l y  o t h e r  e x p o s e d  c r u s t  f o u n d  
w a s  a t  2 0  m  f r o m  ' T h e  C a v e ' ,  J e r v i s  B a y .  
T h i s  c o u l d  p o s s i b l y  i n d i c a t e  t h a t  A .  p a l l i d a  i s  t o  a  c e r t a i n  e x t e n t  
p h o t o p h o b i c  a n d  h e n c e  e i t h e r  s h a d e s  i t s e l f  o r  g r o w s  a t  g r e a t e r  d e p t h s . .  N o  
e c o l o g i c a l  w o r k  w a s  h o w e v e r  p e r f o r m e d  t o  p r o v e  t h i s  p o i n t .  
T h e r e  w e r e  s i x  c o l l e c t i o n s  m a d e  o f  A .  p a l l i d a  o n  S C U B A ;  f o u r  f r o m  B a r e  
I s .  S y n d e y  ( M a y  1 9 8 5 ,  J a n  1 9 8 8 ,  S e p t  1 9 8 8  a n d  J a n  1 9 8 9 )  a n d .  t w o  f r o m  B a s s  
~~. 
I s ,  W o l l o n g o n g  ( A u g  1 9 8 8  a n d  D e c  1 9 8 8 ) .  
D u e  t o  t h e  d e l i c a t e  t e x t u r e  a n d  s c a r c i t y  o f  t h e  s p o n g e  o n l y  s m a l l  
q u a n t i t i e s  o f  m a t e r i a l  c o u l d  b e  f o u n d  a n d  c o l l e c t e d .  A l l  c o l l e c t i o n s  
m a d e ,  e x c e p t  f o r  J a n  1 9 8 8  ( 2 1 . 6  g  c o l l e c t e d  o v e r  6  d i v e s ) ,  w e r e  o f  s i n g l e  
c o l o n i e s  w h i c h  w e r e  e x t r a c t e d  s e p a r a t e l y .  
T h e  c o l l e c t i o n  o f  t h e  B a r e  I s .  s p e c i m e n s  w e r e  p a r t i c u l a r l y  d i f f i c u l t .  
S i n c e  t h e y  w e r e  s i t u a t e d  o n  t h e  c e i l i n g s  o f  n a r r o w  c a v e s  i t  w a s  n e c e s s a r y  
t o  r e m o v e  t h e  S C U B A  t a n k  a n d  B C D  ( B u o y a n c y  C o n t r o l  D e v i c e ) .  T h e n ,  h o l d i n g  
t h e m  b y  h a n d  o r  p l a c i n g  t h e m  i n  t h e  c a v e ,  o n e  c o u l d  t h e n  s q u e e z e  i n  a n d ,  
w i t h o u t  e x h a l i n g ,  s c r a p e  t h e  s p o n g e  o f f  t h e  s u b s t r a t e  w i t h  a  p a i n t  
s c r a p e r .  T h e  s c r a p i n g s  w e r e  t h e n ,  w h i l e  e x h a l i n g ,  p a s s e d  t o  t h e  b u d d y  
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d i v e r  w h o  g a t h e r e d  t h e m  i n  a  s t o c k i n g .  T h i s  p r o c e s s  o f t e n  p r o v e d  
u n c o m f o r t a b l e  a n d  1 a b o u r i o u s  p a r t i c u l a r l y  i n  t h e  c o l d  w i n t e r  w a t e r s  o r  
p a r t i c u l a r l y  w h e n  o n e  c a v e  w a s  a l s o  o c c u p i e d  b y  a n  i r a t e  m o r a y  e e l .  
T h e  r e m o v a l  o f  t h e  B a s s  I s .  s a m p l e s  w e r e  f a r  s i m p l e r ,  a s  t h e y  w e r e  
e x p o s e d  o n  t h e  r o c k  s u r f a c e .  T h i s  w a s  h o w e v e r ,  o f f s e t  d u e  t o  t h e  s c a r c i t y  
o f  t h e  s p o n g e  a n d  t h e  g r e a t e r  d e p t h ,  w h i c h  r e s t r i c t e d  b o t t o m  t i m e  
a v a i l a b l e  f o r  c o l l e c t i n g .  
T h e  s p o n g e  m a t e r i a l ,  o n c e  c o l l e c t e d ,  w a s  t h e n  i m m e d i a t e l y  t r a n s p o r t e d  
b a c k  t o  t h e  l a b o r a t o r y ,  f r o z e n  i n  l i q u i d  n i t r o g e n ,  f r e e z e  d r i e d " a n d  t h e n  
e x t r a c t e d .  
I n  a l l ,  s i x  c o l l e c t i o n s  o f  A .  p a l l i d a  w e r e  m a d e  o v e r  f o u r  y e a r s  
y i e l d i n g  a  t o t a l  6 2 . S g  d r y  w e i g h t  s p o n g e  ( a p p r o x .  1 1 0  g  w e t  s p o n g e ) .  
T y p i c a l l y ,  t h e  d r i e d  s p o n g e  ( 6 . 2  g ,  A u g  1 9 8 8  c o l l e c t i o n )  w a s  p l a c e d  i n t o  a  
f l a s k  w i t h  c h l o r o f o r m / e t h y l  a c e t a t e  ( 1 : 1 ,  1 0 0 m l )  s t o p p e r e d  a n d  s h a k e n  f o r  
2 4  h o u r s .  T h e  e x t r a c t  w a s  t h e n  f i l t e r e d  ( B u c h n e r  f u n n e l )  a n d  t h e  s o l v B n t  
r e m o v e d .  T h i s  p r o c e s s  w a s  c a r r i e d  o u t  f i v e  t i m e s  a n d  t h e n  f o l l o w e d  b y  a  
m e t h a n o l  e x t r a c t i o n .  A n a l y s i s  o f  t h e  m e t h a n o l  e x t r a c t  ( n o r m a l  a n d  r e v e r s e  
p h a s e  t .  1 .  c . )  s h o w e d  o n l y  b a s e  l i n e  m a t e r i a l  a n d  h e n c e  w a s  n o t  f u r t h e r  
.f'~< 
i n v e s t i g a t e d .  
E v a p o r a t i o n  o f  t h e  c h l o r o f o r m / e t h y l  a c e t a t e  e x t r a c t  a f f o r d e d  a  
y e l l o w - b r o w n  g u m .  T . 1 . c .  o f  t h e  g u m  d e v e l o p e d  w i t h  d i c h l o r o m e t h a n e  s h o w e d  
t w o  m a j o r  c o m p o u n d s  a s  a  y e l l o w  ( a p 1 y p a l l i d o x o n e ,  R r  0 . 2 S )  a n d  p i n k  
( a p l y p a l 1 i d e n o n e ,  R r  O . l S )  s p o t s  w h e n  v i s u a l i z e d  w i t h  2 %  v a n i l l i n  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  s o l u t i o n .  T h e s e  t w o  p r o d u c t s  w e r e  f o u n d  t o  
v a r y  i n  c o n c e n t r a t i o n  a m o n g  s p e c i m e n s  ( T a b l e  1 ) .  T h e  g u m  w a s  t h e n  
c h r o m a t o g r a p h e d  o n  a  f l a s h  s i l i c a  c o l u m n  u n d e r  g r a v i t y ,  e l u t i n g  w i t h  
d i c h l o r o m e t h a n e  a n d  v e r y  s l o w l y  i n c r e a s i n g  t h e  p o l a r i t y  w i t h  i n c r e m e n t e d  
a m o u n t s  o f  e t h y l  a c e t a t e .  T h i s  a f f o r d e d  c r y s t a l l i n e ,  a l m o s t  p u r e  
d i t e r p e n e s  a p l y p a l l i d o x o n e  [ ( 2 2 ,  7 1  m g )  a n d  a p l y p a l 1 i d e n o n e  [ ( 2 2 ) ,  1 0 S  m g )  
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w h i c h  w e r e  t h e n  f u r t h e r  p u r i f i e d  b y  r e c r y s t a 1 1 i z a t i o n .  C r y s t a l s  f o r  t h e  
X - r a y  c r y s t a l  s t r u c t u r e  a n a l y s i s  ( A p p e n d i x  1 )  o f  a p 1 y p a 1 1 i d e n o n e  w e r e  
p r e p a r e d  b y  s l o w  e v a p o r a t i o n  i n  a n  n - h e x a n e  s o l u t i o n .  T h o s e  p r e p a r e d  f o r  
a p 1 y p a 1 1 i d o x o n e  w e r e  c r y s t a l l i s e d  b y  t h e  s l o w  d i f f u s i o n  m i x i n g  o f  
d i c h 1 0 r o m e t h a n e / 1 i g h t  p e t r o l e u m  ( 3 0  - 4 0 ' )  a t  - 1 5 ' .  
T . 1 . c .  a n a l y s i s  a n d  s u b s e q u e n t  c o m b i n a t i o n  o f  t h e  l i k e  f r a c t i o n s  f r o m  
a l l  t h e  s p e c i m e n s ,  f o l l o w e d  b y  c h r o m a t o g r a p h y  o n  f l a s h  s i l i c a  a s  a b o v e ,  
a f f o r d e d  t h e  f u r t h e r  t w o  d i t e r p e n e s  a p 1 y p a 1 1 i d i o n e  [ ( 2 3 ) ,  5  m g ]  a n d  
a p 1 y p a 1 1 i d i o x o n e  [ ( 2 4 ) ,  9  m g ] .  T h e s e  w e r e  a l s o  f u r t h e r  p u r i f i e d  b y  
c r y s t a l l i z a t i o n  f r o m  t h e  s l o w  d i f f u s i o n  m i x i n g  o f  d i c h 1 0 r o f o r m / 1 i g h t  
p e t r o l e u m  ( 3 0  - 4 0 ' )  a t  4 ' .  
1 . 3 . 2  
A p l y s i l l s  r o s e s  
( A )  
D e s c r i p t i o n  
A p l y s i l l s  r o s e s  ( P l a t e  6 )  i s  a  r o s e  t o  c h e r r y  r e d  e n c r u s t i n g  s p o n g e ,  2  
~ 
- 5  m m  t h i c k ;  h o w e v e r  i n  s o m e  c a s e s  s e c t i o n s  o f  t h e  s p o n g e  w e r e  r a i s e d  t o  
f o r m  t h i c k  f l e s h y  1 a b o s e  n o d u l e s .  
T h e  s k e l e t o n  i s  c o m p o s e d  o f  a  b a s a l  s p o n g i n  m a t  f r o m  w h i c h  a r i s e  
d e n d r i d i c a 1 1 y  r a m i f y i n g  u p r i g h t  i s o l a t e d  f i b r e s  w h i c h  p a s s  t h r o u g h  t h e  
m e s o h y 1  a n d  s u p p o r t  t h e  e p i d e r m i s  i n  a  t e n t  l i k e  f a s h i o n  ( F i g  3 )  
a c c o u n t i n g  f o r  t h e  c o n n u 1 0 s e  n a t u r e  o f  t h e  s p o n g e .  
T h e  i n h a 1 e n t  p o r e s  a r e  v e r y  s m a l l  a n d  a r r a n g e d  i n  ro~gh1y p o l y g o n a l  
g r o u p s  o v e r  t h e  e n t i r e  s u r f a c e .  T h e  e x h a l a n t  c a n a l s  ( o s c u l a )  a r e  2  - 5  m m  
w i d e  a n d  a b o u t  5  c m  a p a r t ,  a n d  s i t u a t e d  o n  t h e  s u m m i t  o f  t u b u l a r  
v o l c a n o - l i k e  p r o c e s s e s .  
T h e  r e d  c o l o u r  o f  t h e  l i v i n g  s p o n g e  i s  i m p e r f e c t l y  c o n v e r t e d  t o  d a r k  
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b r o w n  o n  d e a t h .  T h e  s p o n g e ,  o n c e  d r y ,  i s  s t a b l e  b u t  o n  c o n t a c t  w i t h  w a t e r  
t u r n s  b r o w n .  T h i s  p r o c e s s  i s  a c c e l e r a t e d  b y  b a s e  b u t  i t  i s  r e v e r s e d  b y  
a c i d ,  e . g .  a n  o r a n g e  c o l o u r  i s  f o r m e d  o n  t r e a t m e n t  w i t h  a c e t i c  a c i d .  T h i s  
i s  t y p i c a l  b e h a v i o u r  f o r  t h e  g u a n i d i n e  p i g m e n t s  p r e s e n t  i n  A p l y s i l l i d  
s p o n g e s .
2  
T h e  s p o n g e  h a s  a  l a r g e  g e o g r a p h i c a l  d i s t r i b u t i o n  h a v i n g  b e e n  f o u n d  i n  
t h e  M e d i t e r r a n e a n  S e a ,  A t l a n t i c  a n d  P a c i f i c  o c e a n s .  I t  a l s o  h a s  a  l a r g e  
v e r t i c a l  d i s t r i b u t i o n  b e i n g  f o u n d  f r o m  a  d e p t h  o f  5  m  a t  P o r t  J a c k s o n ,  
N . S . W .  t o  6 4 0  m  i n  S c o t l a n d .
S  
( E O  C o l l e c t i o n  a n d  E x t r a c t i o n  
T h e  m e t h o d  o f  c o l l e c t i o n  w a s  s i m i l a r  t o  t h a t  u s e d  f o r  A p l y s i l l a  
p a l l i d a  a n d  w a s  c a r r i e d  o u t  b e t w e e n  t h e - m o n t h s  A p r  - J u n ; - 1 9 8 4  ( w a t e r  t e m p  
1 4  - 1 6 · ) .  A g a i n ,  d u e  t o  t h e  t i m e  o f  c o l l e c t i n g ,  t h i s  o f t e n  p r o v e d  t o  b e  
u n c o m f o r t a b l e  i n  t h e  c o l d ,  w i n t e r  S y d n e y  w a t e r s .  T h i s  w a s ,  h o w e v e r ,  
o f f s e t  b y  t h e  e a s e  o f  l o c a t i n g  a n d  r e m o v i n g  t h e  r e d  c o l o u r e d  s p o n g e  w h i c h  
w a s  o f t e n  f o u n d  o n  e x p o s e d  r o c k  s u r f a c e s .  
T h e  s p o n g e  m a t e r i a l ,  o n c e  c o l l e c t e d ,  w a s  i m m e d i a t e l y  t r a n s p o r t e d  b a c k  
t o  t h e  l a b o r a t o r y ,  f r o z e n  i n  l i q u i d  n i t r o g e n  a n d  f r e e z e  d r i e d .  T h e  d r i e d  
s p o n g e  w a s  t h e n  s t o r e d  a t  - 1 5 ·  i n  a n  a i r t i g h t ,  l i g h t  p r o o f  c o n t a i n e r  u n t i l  
e x t r a c t e d .  
A l t o g e t h e r  6 7 5  g  o f  d r y  w e i g h t  s p o n g e  w a s  c o l l e c t e d  i n  1 9 8 4  o v e r  a  
t h r e e  m o n t h  i n t e n s i v e  d i v i n g  p e r i o d .  T h e  d r y  s p o n g e  w a s  g r o u n d  t o  a  
p o w d e r  a n d  e x t r a c t e d  i n  a  S o x h o l e t  e x t r a c t o r  w i t h  l i g h t  p e t r o l e u m  ( 6 0  
7 0 · )  f o r  1 . 5 _ w e e k s ,  c h a n g i n g  s o l v e n t  e v e r y  4 8  h o u r s .  T h i s  w a s  t h e n  
f o l l o w e d  b y  a  d i c h l o r o m e t h a n e  a n d  m e t h a n o l  e x t r a c t i o n ,  e a c h  o f  1  w e e k  
d u r a t i o n  a n d  a g a i n  c h a n g i n g  t h e  s o l v e n t  e v e r y  4 8  h o u r s .  T h e  l i g h t  
p e t r o l e u m  a n d  d i c h l o r o m e t h a n e  e x t r a c t s  w e r e  t h e n  c o m b i n e d ,  t h e  s o l v e n t  
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r e m o v e d  a n d  t h e  r e s u l t i n g  d a r k  g r e e n  g u m  ( 4 5 . 6  g )  c h r o m a t o g r a p h e d  o n  f l a s h  
s i l i c a  g e l .  E l u t i o n  w i t h  l i g h t  p e t r o l e u m  y i e l d e d  t h e  t w o  f u r a n o d i t e r p e n e s  
a m b l i o f u r a n  [ ( 2 8 ) .  1 6 0 0  m g )  a n d  h e x a h y d r o a m b l i o f u r a n  [ ( 2 9 ) .  1 1 . 3  m g ) .  
w h i c h  w e r e  f u r t h e r  p u r i f i e d  b y  d i s t i l l a t i o n  ( k u g e l r o h r  2 0 0 ' / 0 . 0 5  m m  H g )  
a n d  p r e p a r a t i v e  g a s - l i q u i d  p h a s e  c h r o m a t o g r a p h y  ( 3 %  O V - 1 7  o n  G a s  C h r o m  Q  
c o l u m n  a t  1 5 8 ' )  r e s p e c t i v e l y .  F u r t h e r  e l u t i o n s  w i t h  e t h y l  a c e t a t e / l i g h t  
p e t r o l e u m  ( 0 / 1 0 0  t o  1 0 0 / 0 )  y i e l d e d  f r a c t i o n s  c o n t a i n i n g  a p l y r o s e o l - l  
( 3 0 ) .  T h e s e  w e r e  c o m b i n e d  a n d  f u r t h e r  c h r o m a t o g r a p h e d  o n  f l a s h  s i l i c a  
u n d e r  g r a v i t y  e l u t i n g  w i t h  d i c h l o r o m e t h a n e  a n d  v e r y  s l o w l y  i n c r e a s i n g  t h e  
p o l a r i t y  w i t h  e t h y l  a c e t a t e .  F i n a l l y .  r e c r y s t a l l i z a t i o n  y i e l d e d  p u r e  
( 3 0 ) .  ( 4 6 4  m g ) .  F u r t h e r  p u r i f i c a t i o n  o f  t h e  c o m b i n e d  f r a c t i o n s  w h i c h  
c o n t a i n e d  t h e  l a c t o n e  ( 3 5 )  b y  c h r o m a t o g r a p h y  o n  f l a s h  s i l i c a  g e l  a n d  
e l u t i n g  w i t h  e t h y l  a c e t a t e / d i c h l o r o m e t h a n e  ( 0 / 1 0 0  t o  2 0 / 8 0 ) .  f o l l o w e d  b y  
h , p . l . c .  w i t h  e t h y l  a c e t a t e / l i g h t  p e t r o l e u m  a n d / o r  i s o p r o p a n o l / l i g h t  
p e t r o l e u m  y i e l d e d  ( 3 5 )  ( 1 3 0  m g ) .  t o g e t h e r  w i t h  t h e  n e w  d i t e r p e n e s  A R O S S T - l  
[ ( 3 9 ) .  3 1  m g ) .  A R O S S T - 7  [ ( 4 5 ) ;  1 4 . 2  m g )  a n d  A R O S S T - 6  ( 4 4 ) .  A R O S S T - 6  
h o w e v e r  a u t o o x i d i s e d  t o  t h e  a c i d  A R O S S T - 6 A  [ ( 4 4 A ) .  2 2 . 3  m g )  b e f o r e  
c o m p l e t e  s p e c t r a l  m e a s u r e m e n t s  w e r e  o b t a i n e d .  
A l t h o u g h  t h e  m e t h a n o l  e x t r a c t s  ( 1 2 0  g )  c o n s i s t e d  m o s t l y  o f  i n o r g a n i c  
s e a  s a l t s .  t . l . c .  d i d  i n d i c a t e  t h e  p r e s e n c e  o f  t e r p e n e s .  P a r t i t i o n i n g  
b e t w e e n  e t h y l  a c e t a t e / w a t e r .  t h e  t . l . c .  o f  t h e  e t h y l  a c e t a t e  e x t r a c t  
s h o w e d  t h e  p r e s e n c e  o f  p o l a r  t e r p e n e s  a l s o  p r e s e n t  i n  t h e  l i g h t  p e t r o l e u m  
e x t r a c t .  T h e  e x t r a c t  w a s  t h e r e f o r e  c h r o m a t o g r a p h e d  o n  f l a s h  s i l i c a  u n d e r  
g r a v i t y  e l u t i n g  w i t h  e t h y l  a c e t a t e / l i g h t  p e t r o l e u m  ( 0 / 1 0 0  t o  1 0 0 / 0 ) .  T h e  
f r a c t i o n s  w e r e  a n a l y s e d  b y  t . l . c .  a n d  f r a c t i o n s  a l i k e  w i t h  t h o s e  f r o m  t h e  
l i g h t  p e t r o l e u m  e x t r a c t  w e r e  c o m b i n e d .  T h e  r e s u l t i n g  f r a c t i o n s  w e r e  t h e n  
f u r t h e r  f r a c t i o n a t e d  o n  f l a s h  s i l i c a  g e l  u n d e r  g r a v i t y  e l u t i n g  w i t h  e t h y l  
a c e t a t e / d i c h l o r o m e t h a n e  a n d  t h e n  s u b j e c t e d  t o  h . p . l . c .  e l u t i n g  w i t h  e t h y l  
a c e t a t e / l i g h t  p e t r o l e u m  a n d / o r  ~propanol/light p e t r o l e u m .  T h i s  g a v e  t h e  
Plate 15. 
Plate 16. 
Scanning electron micrograph of a chamber 
within the sponge Aplysilla var. sulphurea 
showing choanocytes feeding cells. (x2000) 
Close up of choanocyte cells showing the long 
flagellum (F), apical colar of cytoplasmic 
tenticles (T) and rounded cell body (B). 
(x4800) 
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D  
k n o w n  d i t e r p e n e s  a p l y r o s e f t l - l  [ ( 3 0 ) ;  4 9 0  m g ) .  - 3  [ ( 3 1 ) ;  1 3 0  m g ) .  - 4  [ ( 3 2 ) ;  
4 0 6  m g ) .  - 5  [ ( 3 3 ) ;  8 4 3  m g ) .  - 6  [ ( 3 4 ) ;  4 6 6  m g ) .  l a c t o n e s - l  [ ( 3 5 ) .  1 9  m g ) .  
- 2  [ ( 3 6 ) ;  3 8 0  m g )  a n d  d e n d r i l l o l  - 1  [ ( 3 7 ) ;  6 . 3  m g )  a n d  - 2  [ ( 3 8 ) ;  3 5  m g )  
t o g e t h e r  w i t h  t h e  n e w  d i t e r p e n e s  A R O S S T - 8  [ ( 4 6 ) ;  1 2 . 1  m g ) .  A R O S S T - 3  [ ( 4 1 ) ;  
5 5 . 5  m g ) .  A R O S S T - 5  [ ( 4 3 ) ;  6 2 . 8  m g » ) .  A R O S S T - 4  [ ( 4 2 ) ;  2 4 . 6  m g ) .  A R O S S T - 2  
[ ( 4 0 ) ;  1 1 . 5  m g ) .  A R O S S T - 9  [ ( 4 7 ) ;  1 . 3  m g )  A R O S S T - 1 0  [ ( 4 8 ) ;  5 . 4  m g )  a n d  
A R O S S T - l l  [ ( 4 9 ) ;  5 . 1  m g ) .  T h e  c o m p o u n d s  i s o l a t e d  t o g e t h e r  w i t h  t h e i r  
c o n c e n t r a t i o n s  i n  d r y  w e i g h t  s p o n g e  a r e  s u m m a r i s e d  i n  T a b l e  8  w h i c h  a l s o  
s h o w s  t h e  r e s u l t s  p r e v i o u s l y  o b t a i n e d  b y  K a r u s o  f r o m  A .  r o s e s  i n  1 9 8 4
W  
a n d  a  N e w  Z e a l a n d  s p o n g e  D e n d r i l l s  r o s e s  i n  1986.~ 
1 . 3 . 3  A p l y s l l l s  V s r .  s u l p h u r e s  
( A )  D e s c r i p t i o n  
A p l y s i l l s  v s r .  s u l p h u r e s  ( P l a t e s  1 5 - 1 6 )  i s  a  b r i g h t  y e l l o w  e n c r u s t i n g  
s p o n g e  v e r y  s i m i l a r  t o  A p l y s l l l s  s u l p h u r e s  e x c e p t  t h a t  i t  a t t a i n s  a  
g r e a t e r  t h i c k n e s s  o f  5  - 1 0  m m .  O n l y  o n e  c r u s t  h a d  e v e r  b e e n  f o u n d .  I t  
w a s  l o c a t e d  a t  a  d e p t h  o f  1 5  m  o n  t h e  c e i l i n g  o f  a  n a r r o w  c a v e  a t  B a r e  I s .  
S y d n e y .  A l l  o t h e r  m o r p h o l o g i c a l l y  s i m i l a r  y e l l o w  s p o n g e s  c o l l e c t e d  p r o v e d  
t o  c o n t a i n  a p l y s u l p h u r i n  ( 1 4 )  a n d  h e n c e  w e r e  A .  s u l p h u r e s .  
T h e  c r u s t  w a s  v e r y  s o f t  a n d  c o l l a p s i b l e  i n  t e x t u r e .  T h e  s p o n g e  
s u r f a c e  i s  c o v e r e d  w i t h  c o n n u l i  a b o u t  5  m m  a p a r t  a n d  2  m m  h i g h  w h i c h  
r e s u l t  f r o m  t h e  d e n d r i c a l l y  r a m i f i e d  s p o n g i n  f i b r e  s k e l e t o n .  T h e s e  f i b r e s  
r i s e  f r o m  t h e  b a s a l  s p o n g i n  m a t .  p a s s  t h r o u g h  t h e  m e s o h y l  a n d  e x t e n d  t o  
t h e  s u r f a c e .  
A s  i n  A .  s u l p h u r e a  t h e  i n h a l e n t  p o r e s  a r e  v e r y  s m a l l  a n d  a r r a n g e d  i n  
r o u g h l y  p o l y g o n a l  g r o u p s  o v e r  t h e  e n t i r e  s u r f a c e .  T h e  e x h a l e n t  c a n a l s  
1 4 9  
( o s c u 1 a r )  a r e  2  - 5  m m  w i d e  a n d  a b o u t  5  m m  a p a r t .  
T h e  y e l l o w  c o l o u r  o f  t h e  s p o n g e ,  a s  i n  A .  s u l p h u r e a ,  i s  a l s o  
g r a d u a l l y  c o n v e r t e d  t o  b l u e  o n  d e a t h  b u t  a t  a  f a r  r e d u c e d  r a t e :  w i t h i n  a n  
h o u r  o f  c o l l e c t i o n  m o s t  o f  t h e  y e l l o w  o f  A .  s u l p h u r e a  i s  b l u e ,  i n  A .  v a r .  
s U l p h u r e a  o n l y  a  s m a l l  p o r t i o n  h a s  c h a n g e d .  W h e n  b o t h  s p o n g e s  w e r e  a d d e d  
t o  p r e s e r v i n g  s o l u t i o n  ( E t h a n o l / w a t e r  7 0 : 3 0 )  t h e  c o l o u r  c o n v e r s i o n  t o  
b l u e / p u r p l e  w a s  a l m o s t  i n s t a n t a n e o u s  i n  b o t h  s p o n g e s .  I n  t h e  d r i e d  s p o n g e  
t h e  y e l l o w  c o l o u r  w a s  s t a b l e .  
( B )  C o l l e c t i o n  a n d  E x t r a c t i o n  
T w o  c o l l e c t i o n s  w e r e  m a d e ,  o n e  i n  J a n  1 9 8 9  ( 5 . 3  g )  a n d  a n o t h e r  i n  M a y  
1 9 8 9  ( 1 . 9 8  g ) .  T h e  s p o n g e  w a s  n o t i c e d  t o  h a v e  a  q u i t e  r a p i d  a n d  
s u c c e s s f u l  r e g e n e r a t i o n .  
T h e  m e t h o d  o f  c o l l e c t i o n  f r o m  t h e  n a r r o w  c a v e  w a s  e x a c t l y  t h e  s a m e  a s  
t h a t  u s e d  t o  c o l l e c t  t h e  B a r e  I s .  s a m p l e s  o f  A .  p a l l i d a  ( s e c t i o n  2 . 3 . 1 ) .  
T h e  s p o n g e  m a t e r i a l  c o l l e c t e d  w a s  i m m e d i a t e l y  t r a n s p o r t e d  b a c k  t o  t h e  
l a b o r a t o r y ,  f r o z e n  i n  l i q u i d  n i t r o g e n  a n d  f r e e z e  d r i e d .  
T h e  d r i e d  s p o n g e  w a s  t h e n  e x t r a c t e d  w i t h  c h l o r o f o r m / e t h y l  a c e t a t e  
( 1 : 1 ,  1 0 0  m 1 )  b y  s t i r r i n g  i n  a  s t o p p e r e d  f l a s k .  T h e  e x t r a c t  w a s  t h e n  
f i l t e r e d  ( B u c h n e r  f u n n e l )  a n d  t h e  s o l v e n t  r e m o v e d .  T h i s  p r o c e s s  w a s  
c a r r i e d  o u t  t h r e e  t i m e s  r e s u l t i n g  i n  a  y e l l o w - b r o w n  g u m .  T h e  g u m  w a s  t h e n  
a p p l i e d  t o  a  f l a s h  s i l i c a  c o l u m n  a n d  e l u t e d  u n d e r  g r a v i t y  w i t h  l i g h t  
p e t r o l e u m / e t h y l  a c e t a t e  ( 1 0 0 / 0  t o  5 0 / 5 0 )  y i e l d i n g  t h e  t w o  d i t e r p e n e s  ( 5 4 )  
a n d  ( 5 5 )  a n d  a  s t e r o l  f r a c t i o n  w h i c h  w a s  n o t  a n a l y s e d .  
1 5 0  
1 . 3 . 4  
C h a r a c t e r i s a t i o n  
A p l y p a 1 1 i d e n o n e  ( 2 1 )  
M e t h y l  (5~' 8 5 · ,  9 5 · ,  10~, 1 1 S · ) - 1 1 - a c e t o x y - 1 4 - o x o p a 1 1 i d - 1 2 - e n -
1 5 - o a t e  ( 2 1 )  
A p 1 y p a 1 1 i d e n o n e  w a s  c r y s t a l l i s e d  a s  c o l o u r l e s s  n e e d l e s  f r o m  c y c 1 0 h e x a n e  
.  .  .  
m . p .  9 9  - 1 0 1 .  [ a I D  + 1 3 5  ,  [ a l 5 7 8  + 1 4 1  ,  [ a l S 4 6  + 1 5 8  
[ a I 4 3 6  + 2 0 6  ( c  
2 . 4 1 ) .  ( F o u n d :  3 7 6 . 2 2 6 9 .  C~20S r e q u i r e s  3 7 6 . 2 2 4 9 ) .  A D Y X  ( c y c 1 o h e x a n e )  
2 1 1 ,  3 3 6 n m «  9 6 4 0 ,  6 0 ) .  ' n a x  2 9 5 3 ,  1 7 4 0 ,  1 6 8 6 ,  1 4 3 7 ,  1 3 9 0 ,  1 3 7 0 ,  1 2 9 5 ,  
1 2 7 1 ,  1 2 4 6 ,  1 0 3 5 ,  1 0 2 2 ,  9 9 3  c m - I .  I H  n . m . r .  I i  0 . 7 9 ,  d d ,  J
s a
, 6 ( j  1 1 . 4  H z ,  
J
S a
, 6 a  2 . 2  H z ,  H 5 a ;  0 . 8 5 ,  s ,  W h / 2  1 . 3  H Z , 1 8 M e ;  0 . 8 7 ,  s ,  W
h l 2
- O . 9  H z ,  1 9 M e ;  
L O O ,  d t ,  J
g e m  
1 2 . 9  H z ,  J
l a
, 2 ( j  1 2 . 9  H z ,  J
I a
, 2 a  4 . 0  H z ,  H 1 a ;  1 . 1 3 ,  d t ,  J
g e m  
1 2 . 9  H z ,  J 3 c J . , 2 ( j  1 2 . 6  H z ,  J 3 c J . , 2 a  4  H z ,  H 3 a ;  1 . 2 1 ,  d ,  J  0 . 8 5  H z ,  1 7 M e ;  1 . 4 1 ,  
b d ,  J
g e m  
1 2 . 9  H z ,  H 3 ( j ;  1 . 4 2 ,  d ,  J  0 . 7 0  H z ,  1 6 M e ;  1 . 4 8 ,  H 2 a ;  1 . 5 1 ,  H 6 ( j ;  
1 . 5 8 ,  H 7 a ;  1 . 6 2 ,  H 2 ( j ;  1 . 6 5 ,  b d ,  J
g e m  
1 2 . 9  H z ,  H 1 ( j ;  1 . 6 9 ,  d ,  J
9 a
,  n a  4 . 2  H z ,  
H 9 a ;  1 . 7 1 ,  H 6 a ;  1 . 9 7 ,  m ,  H 7 ( j ;  2 . 1 3 ,  s ,  OCOC~; 3 . 8 1 ,  s ,  COOC~; 5 . 8 3 ,  d d ,  
J
n a
, 1 2  5 . 4  H z ,  J
n
a . 9 a  4 . 2  H z ,  H 1 1 a ;  7 . 2 4 ,  d ,  J
I
2 , 1 1 a  5 . 4  H z ,  H 1 2 .  I H  n . m . r .  
( C
6
D
6
)  I i  0 . 3 7 ,  H 5 a ;  0 . 6 2 ,  H 1 a ;  0 . 7 5 ,  s ,  1 8 M e ;  0 . 7 8 ,  s ,  1 9 M e ;  0 . 9 9 ,  H 3 a ;  
1 . 0 2 ,  s ,  1 7 M e ;  1 . 0 7 ,  d ,  J
9 a
, n a  4 . 2  H z ,  H 9 a ;  1 . 2 1 ,  m ,  H 6 1 l ;  1 . 2 5  - 1 . 3 5 ,  m ,  
H 2 a ,  H 3 1 l ;  1 . 3 2 ,  s ,  1 6 M e ;  1 . 3 9 - 1 . 5 6 ,  m ,  H 1 1 l ,  H 7 a ,  H 2 1 l ,  H 6 a ;  1 . 5 4 ,  s ,  
OCOG~; 1 . 9 8 ,  H 7 1 l ;  3 . 4 4 ,  s ,  GOOG~; 5 . 6 4 ,  d d ,  J
n a
, I 2  5 . 4  H z ,  J
n a
, 9 a  4 . 2  H z ,  
H 1 1 a ;  7 . 1 4 ,  d ,  J
I
2 , n a  5 . 4  H z ,  H 1 2 .  1 3 C  n . m . r .  I i  1 7 . 4 ,  q ,  I J C , H  1 2 5 . 7  H z ,  M e ;  
1 8 . 0 ,  t ,  I J C , H  1 2 6 . 0  H z ,  G H
2
;  1 8 . 4 ,  t ,  I J C , H  1 2 5 . 6  H z ,  G H
2
;  2 1 . 3 ,  q ,  I J C , H  1 3 0  
H z ,  OGOG~; 2 1 . 6 ,  q ,  G~; 2 1 . 7 ,  q ,  G H
3
;  3 3 . 2 ,  s ,  G 4  o r  C 1 0 ;  3 3 . 5 ,  q ,  I J C , H  
1 2 4 . 4  H z ,  G H
3
;  3 5 . 4 ,  t ,  I J C , H  1 3 1 . 5  H z ,  C H
2
;  3 8 . 6 ,  s ,  G 4  o r  C 1 0 ;  3 9 . 2 ,  t ,  
I J C , H  1 2 4 . 6  H z ,  C H
2
;  4 1 . 5 ,  t ,  I J C , H  1 2 3 . 5  H z ,  G H
2
;  4 5 . 9 ,  s ,  C 8 ;  5 2 . 4 ,  q ,  I J C , H  
1 4 7 . 6  H z ,  COOC~; 5 3 . 2 ,  d ,  I J C , H  1 1 7 . 7  H z ,  C S  o r  C 9 ;  5 6 . 6 ,  d ,  I J C , H  1 1 9 . 3  
H z ,  C S  o r  C 9 ;  6 4 . 8 ,  d ,  I J C , H  1 4 9 . 8  H z ,  C 1 1 ;  1 3 2 . 0 ,  s ,  C B ;  144.~d, I J C , H  
1 6 6 . 2  H z ,  C 1 2 ;  1 6 5 . 3 ,  s ,  C O O C H
3
;  1 6 9 . 8 ,  s ,  OCOC~; 2 0 0 . 6 ,  s ,  C 1 4 .  M a s s  
s p e c t r u m  ( e . i . )  m / z  3 7 6 ( 5 % ) ,  3 4 5 ( 4 ) ,  3 3 4 ( 6 ) ,  3 1 6 ( 5 ) ,  3 0 2 ( 6 ) ,  2 8 4 ( 4 ) ,  
2 6 9 ( 4 ) ,  2 3 9 ( 2 ) ,  1 9 2 ( 1 6 ) ,  1 8 4 ( 4 5 ) ,  1 4 2 ( 1 0 0 ) ,  1 2 3 ( 3 3 ) ,  1 0 9 ( 2 3 ) ,  9 5 ( 3 6 ) ,  
8 1 ( 3 4 ) ,  6 9 ( 5 1 ) ,  5 5 ( 3 7 ) .  M a s s  s p e c t r u m  ( c . i . )  m / z  3 7 7 ( 1 0 0 % ) ,  3 4 5 ( 6 ) ,  
3 3 5 ( 1 5 ) ,  3 1 7 ( 2 5 ) ,  2 8 5 ( 1 8 ) ,  1 9 3 ( 9 ) ,  1 8 4 ( 1 8 ) ,  1 7 7 ( 1 6 ) ,  1 4 2 ( 5 2 ) ,  1 2 3 ( 1 6 ) ,  
1 5 1  
1 0 9 ( 9 ) ,  9 5 ( 1 3 ) ,  8 1 ( 1 0 ) ,  6 9 ( 1 5 ) ,  5 5 ( 1 0 ) .  ( F o u n d :  3 4 5 . 2 0 5 4 .  C~~04 r e q u i r e s  
3 4 5 . 2 0 6 6 ;  f o u n d :  3 3 4 . 2 1 4 1 .  C~04 r e q u i r e s  3 3 4 . 2 1 4 4 ;  f o u n d :  1 9 2 . 1 8 7 8 .  
C
I 4
H
2 4  
r e q u i r e s  1 9 2 . 1 8 7 8 ;  f o u n d :  1 8 4 . 0 3 7 7 .  C g H s O s  r e q u i r e s  1 8 4 . 0 3 7 8 ;  f o u n d :  
1 7 7 . 1 6 2 2 .  CuH~ r e q u i r e s  1 7 7 . 1 6 4 3 ;  f o u n d :  1 4 2 . 0 2 6 0 .  C~04 r e q u i r e s  
1 4 2 . 0 2 6 6 ) .  
A p 1 y p a 1 1 i d o x o n e  ( 2 2 )  
M e t h y l  (5~, 8 S · ,  9 S · ,  10~, 1 1 S · ,  12~, 1 3 R · ) - 1 1 - a c e t o x y - 1 2 , 1 3 - e p o x y - 1 4 -
o x o p a 1 1 i d a n - 1 5 - o a t e  ( 2 2 )  
A p 1 y p a 1 1 i d o x o n e  w a s  c r y s t a l l i s e d  f r o m  c y c 1 0 h e x a n e  a s  f i n e  c o l o u r l e s s  
n e e d l e s  m . p .  1 4 3  - 1 4 4 .  C r y s t a l s  f o r  X - r a y  c r y s t a l  s t r u c t u r e  
d e t e r m i n a t i o n  w e r e  g r o w n  b y  s l o w  d i f f u s i o n  m i x i n g  o f  i s o p e n t a n e / e t h e r  a t  
.  
4  g i v i n g  c o l o u r l e s s  p r i s m s  m . p .  1 4 3  - 1 4 4  .  
[ a l D  - 3 2  ,  [ a l S 7 S  - 3 4  ,  [ a l S 4 6  
- 4 1  ,  [al4~ - 1 0 0  ( c  2 . 5 5 ) .  ( F o u n d :  3 9 2 . 2 2 1 5 .  C~206 r e q u i r e s  
3 9 2 . 2 1 9 8 ) .  ~ 2 9 9 n m «  4 3 ) .  " n u x  2 9 4 8 ,  1 7 5 0 ,  1 7 1 3 ,  1 4 6 0 ,  1 4 4 1 ,  1 3 9 0 ,  
1 3 7 0 ,  1 2 9 6 ,  1 2 4 5 ,  1 0 3 8 ,  9 9 0  c m - I .  I H  n . m . r .  6  0 . 7 7 ,  d d ,  J
5 O
, 6 ( 3  1 1 . 8  H z ,  
J
5 O
, 6 a  2 . 0  H z ,  H 5 a ;  0 . 8 3 ,  s ,  W
h / 2  
1 . 2  H z ,  1 8 M e ;  0 . 8 5 ,  s ,  W
h f 2  
0 . 8  H z ,  1 9 M e ;  
0 . 9 8 ,  d t ,  J g e m  1 2 . 8  H z ,  J
l a
, 2 ( 3  1 2 . 8  H z ,  J
l a
, 2 a  4 . 0  H z ,  H 1 a ;  1 . 1 2 ,  d t ,  J
g e m  
1 3 . 6  H z ,  J 3 a . , 2 ( 3  1 3 . 6  H z ,  J 3 a . , 2 a  2 . 2  H z ,  H 3 a ;  1 . 1 4 ,  d ,  J  0 . 9  H z ,  1 7 M e ;  1 . 3 9 ,  
1 5 2  
b d ,  J
g m n  
1 3 . 6  H z ,  H3~; 1 . 4 0  - 1 . 6 3 ,  m ,  ( H 2 ) 2 '  H6~, H 7 a ;  1 . 4 4 ,  d ,  J  0 . 7 5 H z ,  
1 6 M e ;  1 . 5 2 ,  d ,  J
9 a
, n a  3 . 2  H z ,  H 9 a ;  1 . 6 9 ,  b d ,  J
g e m  
1 3  H z ,  H 6 a ;  1 .  7 1 ,  b d ,  J
g e m  
1 2 . 8  H z ,  H1~; 1 . 9 9 ,  m ,  H7~; 2 . 1 2 ,  s ,  OCOC~; 3 . 5 5 ,  d ,  JI2~,na 2 . 5  H z ,  H 1 2 ( ' l ;  
3 . 8 2 ,  s~, COOC~; 5 . 8 9 ,  d d ,  J
n a
, 9 a  3 . 2  H z ,  J
n a
) 2 ( ' l  2 . 5  H z ,  H 1 1 a .  J 3 C  n . m . r .  ~ 
1 7 . 7 ,  C H
3
;  1 8 . 1 ,  C H
2
;  1 8 . 2 ,  C H
2
;  2 1 . 0 ,  C H
3
;  2 1 . 3 ,  C H
3
;  2 1 . 5 ,  C H
3
;  3 3 . 2 ,  C 4  
o r  C 1 0 ;  3 3 . 4 ,  C H
3
;  3 5 . 7 ,  C H
2
;  3 8 . 5 ,  C 4  o r  C 1 0 ;  3 9 . 6 ,  C H
2
;  4 1 , 4 ,  C H
2
;  4 6 . 5 ,  
C 8 ;  4 7 . 1 ,  C H ;  5 2 . 9 ,  C O O C H
3
;  5 5 . 8 ,  C 1 3 ;  5 6 . 5 ,  C H ;  5 7 . 8 ,  C H ;  6 5 . 5 ,  C H ;  
1 6 6 . 2 ,  C 1 5 ;  1 6 9 . 7 ,  O C O C H
3
;  2 0 1 . 9 ,  C 1 4 .  M a s s  s p e c t r u m  ( e . i . )  m / z  3 9 2 ( 1 % ) ,  
3 7 7 ( 1 ) ,  3 3 3 ( 1 ) ,  3 2 2 ( 1 ) ,  3 0 4 ( 2 ) ,  2 8 9 ( 4 ) ,  2 5 5 ( 2 ) ,  2 4 5 ( 2 ) ,  2 1 7 ( 2 ) ,  1 8 2 ( 1 0 ) ,  
1 3 8 ( 1 0 ) ,  1 2 3 ( 2 7 ) ,  1 0 9 ( 1 7 ) ,  9 5 ( 2 4 ) ,  8 1 ( 2 7 ) ,  6 9 ( 3 9 ) ,  5 5 ( 2 8 ) ,  4 3 ( 1 0 0 ) .  M a s s  
s p e c t r u m  ( c . i . )  m / z  3 9 3 ( 1 0 0 % ) ,  3 7 7 ( 1 2 ) ,  3 6 4 ( 8 ) ,  3 3 3 ( 5 5 ) ,  3 2 2 ( 5 ) ,  3 1 5 ( 9 5 ) ,  
3 0 5 ( 2 3 ) ,  2 8 3 ( 1 5 ) ,  2 7 3 ( 1 4 ) ,  2 5 5 ( 1 0 ) ,  2 4 5 ( 6 ) ,  2 2 9 ( 2 7 ) ,  1 8 2 ( 1 0 ) ,  1 6 3 ( 9 ) ,  
1 2 3 ( 1 3 ) ,  1 0 9 ( 6 ) ,  9 5 ( 7 ) ,  4 3 ( 5 ) .  ( F o u n d :  3 7 7 . 1 9 8 1 .  CZ~06 r e q u i r e s  
3~77 . 1 9 6 4 ;  f o u n d :  3 3 3 . 2 0 6 8 .  C : z o H 2 9 0 4  r e q u i r e s  3 3 3 . 2 0 6 5 ;  f o u n d :  3 2 2 . 2 1 0 9 .  
CI~3004 r e q u i r e s  3 2 2 . 2 1 4 4 ) .  
A p 1 y p a 1 1 i d i o n e  ( 2 3 )  
M e t h y l  (5~, 8 S · ,  9 S · ,  1  O R ·  ,  1 2 S · ,  1 3 R · ) - 1 2 , 1 3 - e p o x y - 1 1 , 1 4 - d i o x o p a 1 1 i d a n -
1 5 - o a t e  ( 2 3 ) .  
T h e  d i k e  t o n e  a p 1 y p a 1 1 i d i o n e  ( 2 3 )  ( 0 . 0 0 7  g ,  0 . 0 1 % )  w a s  i s o l a t e d  a s  
c o l o u r l e s s  n e e d l e s  f r o m  t h e  s l o w  d i f f u s i o n  m i x i n g  o f  l i g h t  p e t r o l e u m  
.  
( 3 0 - 4 0  )  a n d  d i c h l o r o m e t h a n e  a t  4  m . p .  
( F o u n d :  3 4 8 . 1 9 3 7 .  C
2 0
H
2 8
0
S  
r e q u i r e s  3 4 8 . 1 9 3 7 ) .  A~ 2 9 4  n m ( f  5 8 ) .  v~ 2 9 6 2 ,  2 9 3 0 ,  1 7 5 8 ,  1 7 2 0 ,  
1 5 9 2 ,  1 4 9 0 ,  1 4 5 1 ,  1 2 9 6 ,  1 1 7 6 ,  1 0 8 2 ,  9 6 6  c m - I .  I H  n . m . r .  ~ 0 . 7 1 ,  d d ,  J
s a
, 6 ( ' l  
1 2 . 2  H z ,  J
s a
, 6 a  2 . 0  H z ,  H 5 a ;  0 . 7 8 ,  d t ,  J
g e m  
1 2 . 8  H z ,  J
l a
, 2 ( ' l  1 2 . 8  H z ,  J
l a
, 2 a  
3 . 6  H z ,  H l a ;  0 . 8 3 ,  s ,  W
h / 2  
l . 9  H z ,  1 8 M e ;  0 . 8 6 ,  s ,  W
h / 2  
1 . 7  H z ,  1 9 M e ;  l o B ,  
1 5 3  
d t ,  J
g e m  
1 3 . 6  H z ,  J
3 a
, 2 ( J  1 3 . 6  H z ,  J 3 a , 2 a  4 . 2  H z ,  H 3 a ;  1 . 2 3 ,  d ,  J  0 . 8  H z ,  
1 7 M e ;  1 . 2 6 ,  d ,  J  0 . 9  H z ,  1 6 M e ;  1 . 3 9 ,  m ,  H 2 a ,  H 3 ( J ,  H 6 ( J ;  1 . 5 5  - 1 . 7 8 ,  m ,  
H 2 ( J ,  H 6 a ,  H 7 a ;  1 . 9 6 ,  m ,  H 7 ( J ;  2 . 0 9 ,  d d d d ,  J
g e m  
1 2 . 8  H z ,  J
I
( J , 2 ( 3  3 . 3  H z ,  J
I
( J . 2 a  
3 . 3  H i , .  J
I
( J ; 3 ( J  1 . 6  H z ,  H 1 ( J ;  2 . 7 0 ,  s ,  H 9 a ;  3 . 5 9 ,  s ,  H 1 2 ;  3 . 8 4 ,  s ,  eooe~. 
U e  n . m . r .  a  1 6 . 3 ;  1 7 . 5 ;  1 7 . 9 ;  2 0 . 3 ;  2 1 . 6 ;  3 3 . 1 ;  3 3 . 3 ;  3 4 . 6 ;  3 7 . 2 ;  3 9 . 1 ;  
4 1 . 6 ;  5 2 . 2 ;  5 3 . 4 ;  5 4 . 9 ;  5 6 . 4 ;  5 9 . 1 ;  6 1 . 2 ;  1 6 4 : 3 ;  1 9 9 . 4 ;  2 0 2 . 3 .  M a s s  
s p e c t r u m  m / z  3 4 8 ( 1 3 % ) ,  3 3 3 ( 1 5 ) ,  3 1 5  ( 2 ) ,  3 0 5 ( 2 ) ,  2 8 9 ( 9 ) ,  2 6 1 ( 9 ) ,  1 9 8 ( 1 1 ) ,  
1 2 3 ( 8 6 ) ,  1 0 9 ( 3 1 ) ,  9 5 ( 5 1 ) ,  6 9  ( 1 0 0 ) ,  5 5 ( 5 0 ) .  ( F o u n d :  3 3 3 . 1 7 1 4 .  elgH~5 
r e q u i r e s  3 3 3 . 1 7 0 2 ;  f o u n d :  3 0 5 . 1 7 5 0 .  Cm~4 r e q u i r e s  3 0 5 . 1 7 5 3 ;  f o u n d :  
2 8 9 . 1 7 9 8 .  e
1 8
H
2 5
0
3  
r e q u i r e s  2 9 8 . 1 8 0 3 ) .  
A p 1 y p a 1 1 i d i o x o n e  ( 2 4 )  
M e t h y l  ( 5 R · ,  8 S · ,  9 R · ,  1 0 R · ,  1 3 R · ) - 1 1 - a c e t o x y - 9 , 1 3 - e p i d i o x y - 1 4 - o x o p a 1 1 i d a n  
- 1 1 - e n - 1 5 - o a t e  ( 2 4 ) .  
T h e  p e r o x i d e  a p 1 y p a 1 1 i d i o x o n e  ( 2 4 )  ( 0 . 0 0 4  g ,  0 . 0 0 6 % )  w a s  i s o l a t e d  a s  
c o l o u r l e s s  n e e d l e s  f r o m  t h e  s l o w  d i f f u s i o n  m i x i n g  o f  l i g h t  p e t r o l e u m  
( 3 0 - 4 0 ' )  a n d  d i c h 1 o r o m e t h a n e  a t  4 '  m . p .  1 7 0 - 1 7 1 ' .  ( F o u n d :  3 6 4 . 1 8 5 2  
e~o6 [e~C7-e1HiOl r e q u i r e s  3 6 4 . 1 8 8 6 ) .  ~ n o  p e a k s .  " n m x  2 9 5 8 ,  2 9 3 0 ,  
1 7 4 4 , 1 6 9 3 ,  1 4 5 9 ,  1 2 6 3 ,  1 1 7 9 ,  1 1 0 6 ,  1 0 1 2  c m - I .  I H  n . m . r .  a  0 . 8 6 ,  s ,  W
h 1 2  
1 . 8  
H z ,  1 8 M e ;  0 . 8 9 ,  s ,  W
h 1 2  
1 . 5  H z ,  1 9 M e ;  1 . 2 2 ,  d t ,  J
g e m  
1 3 . 4  H z ,  J
3 a
•
2
( J  1 3 . 4  
H z ,  J
3 a
•
2 a  
4 . 2  H z ,  H 3 a ;  1 . 2 8 ,  d ,  J
I 7 M e
, l a  0 . 8  H z ,  1 7 M e ;  1 . 3 6 ,  d d d d ,  J
g e m  
1 3 . 4  
H z ,  J
3
( J . 2 ( J  3 . 4  H z ,  J
3
( J . 2 a  3 . 4  H z ,  J
3
( J . I ( J  1 . 6  H z ,  H 3 ( J ;  1 . 3 7 ,  d ,  J I 6 M e . 7 a  0 . 8  H z ,  
1 6 M e ;  1 . 4 7 ,  H 2 a ;  1 . 5 2 ,  H 6 ( J ;  1 . 6 7 .  H 2 ( 3 ;  1 . 7 0 ,  b d ,  J
g e m  
1 2 . 6  H z ,  H 6 a ;  1 . 7 2 ,  
H 1 ( J ;  1 . 7 8 ,  d d ,  J
s a
.
6
( J  1 2 . 8  H z ,  J
s a
.
6 a  
2 . 6  H z ,  H 5 a ;  1 . 8 1 ,  d d d ,  J
g e m  
1 3 . 4  H z ,  
J
7
( 3 . 6 ( J  3 . 8  H z ,  J
7
( J . 6 a  3 . 0  H z ,  H 7 ( J ;  1 . 8 3 ,  m ,  H 1 a ;  1 . 9 5 ,  d t ,  J
g e m  
1 3 . 4  H z ,  
J
7 a
•
6
( J  1 3 . 4  H z ,  J
7 a
•
6 a  
4 . 2  H z ,  H 7 a ;  2 . 2 5 ,  s ,  oeoe~; 3 . 8 8 ,  s ,  eooe~; 6 . 6 4 ,  
1 5 4  
s ,  H 1 2 .  U c  n . m . r .  a  1 7 . 3 ,  C~; 1 7 . 9 ,  ~; 1 8 . 6 ,  C H
3
;  2 1 . 7 ,  C H
3
;  2 2 . 0 ,  C~; 
2 3 . 6 ,  C H
3
;  3 2 . 0 ,  C H
2
;  3 2 . 1 ,  C H
2
;  3 3 . 4 ,  C~; 3 3 . 6 ,  C ;  4 1 . 2 ,  C H
2
;  4 1 . 9 ,  C ;  
4 7 . 2 ,  C H ,  C 5 ;  4 7 . 7 ,  C ;  5 3 . 3 ,  O C H
3
;  8 3 . 4 ,  C 9 ;  8 9 . 5 ,  C 1 3 ;  1 1 0 . 4 ,  C H ,  C 1 2 ;  
1 5 6 . 2 :  C l l ;  1 6 3 . 9 ,  C 1 5 ;  1 6 6 . 2 ,  O C O C H
3
;  2 0 1 .  6 ,  C 1 4 .  M a s s  s p e c t r u m  m / z  
4 0 6 « 1 % ) ,  3 9 1 « 1 ) ,  3 7 8 « 1 ) ,  3 6 4 ( 3 ) ,  3 4 6 ( 1 ) ,  3 3 6 ( 3 ) ,  3 1 8 ( 2 3 ) ,  3 0 5 ( 1 2 ) ,  
2 4 4 ( 1 6 ) ,  2 2 9 ( 1 1 ) ,  1 8 5  ( 2 0 ) ,  1 3 7 ( 5 4 ) ,  1 2 3 ( 3 9 ) ,  1 0 9 ( 3 9 ) ,  9 5 ( 4 4 ) ,  8 1 ( 4 5 ) ,  
6 9 ( 1 0 0 ) .  ( F o u n d :  3 4 6 . 1 7 7 8 .  C w H u O s  r e q u i r e s  3 4 6 . 1 7 8 0 ;  f o u n d :  3 3 6 . 1 9 3 5 .  
CI~280S r e q u i r e s  3 3 6 . 1 9 3 6 ) .  
1 , 4  M i c h a e 1  A d d u c t  ( 2 6 )  
A p 1 y p a 1 1 i d e n o n e  ( 2 1 )  ( 0 . 0 5 0  g )  w a s  d i s s o l v e d  i n  m e t h a n o l  ( 1 0  m 1 )  a n d  
s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  2 4 h .  E v a p o r a t i o n  o f  t h e ' s o l v e n t  y i e l d e d  
( 2 6 )  a s  a  s l i g h t l y  y e l l o w  g u m .  I H  n . m . r .  a  0 . 8 3 ,  s ,  1 8 M e ;  0 . 8 5 ,  s ,  1 9 M e ;  
0 . 8 6 ,  m ,  H 5 a ;  0 . 9 6 ,  d t ,  J
g
=  1 2 . 5  H z ,  J
1 a
, 2 ( j  1 2 . 5  H z ,  J
1 a
, 2 a  4 . 2  H z ,  H 1 a ;  
1 . 0 3 ,  s ,  1 7 M e ;  1 . 1 5 ,  d t ,  J
g e m  
1 3 . 5  H z ,  J
3 a
, 2 ( j  1 3 , 5  H z ,  J
3 a
•
2 a  
4 . 2  H z ,  H 3 a ;  
1 . 3 8 ,  b d ,  J
g e m  
1 3 . 5  H z ,  H 3 ( j ;  1 . 4 2  - 1 . 6 8 ,  m ,  ( H 2 ) 2 '  ( H 6 ) 2 '  H 7 a ;  1 . 5 1 ,  s ,  
1 6 M e ;  1 . 6 3 ,  d ,  J
9 c i
•
l l a  
2 . 2  H z ,  H 9 a ;  1 . 7 1 ,  b d ,  J
g e m  
1 2 . 5  H z ,  H l l 3 ;  2 . 0 5 ,  s ,  
O C O C H . 3 ;  2 . 0 6 ,  m ,  H 7 ( j ;  3 . 4 9 ,  s ,  O C H . 3 ;  3 . 7 9 ,  s ,  C O O C H . 3 ;  3 . 8 2 ,  d ,  J
I 2
( j . l 1 a  2 . 4  
H z ,  H 1 2 1 3 ;  5 . 5 1 ,  d d ,  J
l l a
.
l
2 ( j  2 . 4  H z ,  J
l l
a , 9 c i  2 . 2  H z ,  H l l a ;  1 2 . 8 0 ,  s ,  O H .  
E n o 1  A c e t a t e  ( 2 7 )  
T h e  M i c h a e 1  a d d u c t  ( 2 6 )  w a s  t h e n  s t i r r e d  w i t h  a  s o l u t i o n  o f  a c e t i c  
a n h y d r i d e / p y r i d i n e  ( 1 : 1 ,  1 0  m 1 )  a t  r o o m  t e m p e r a t u r e  f o r  2 4 h .  T h e  s o l v e n t  
w a s  e v a p o r a t e d  a n d  t h e  r e s i d u e  t a k e n  u p  i n  m e t h a n o l  ( 1 0  m 1 ) ,  s t i r r e d  f o r  
2 4 h  a n d  t h e  s o l v e n t  e v a p o r a t e d .  R e p e a t i n g  t h i s  c y c l e  f i v e  t i m e s  f o l l o w e d  
1 5 5  
b y  c h r o m a t o g r a p h y  o n  f l a s h  s i l i c a  g e l  e l u t i n g  w i t h  d i c h 1 0 r o m e t h a n e / e t h y 1  
a c e t a t e  ( 1 0 0 / 0  - 9 0 / 1 0 )  g a v e  t w o  p r o d u c t s .  T h e  f i r s t  t o  b e  e l u t e d  w a s  
i d e n t i f i e d  a s  s t a r t i n g  a p 1 y p a 1 1 i d e n o n e  ( 2 1 )  ( t . 1 . c .  a n d  I H  n . m . r . ) .  T h e  
s e c o n d  t o  b e  e l u t e d  w a s  t h e  e n o 1  a c e t a t e  ( 2 7 )  a s  a  c o l o u r l e s s  g u m .  
( F o u n d :  3 4 9 . 2 3 5 7 .  C~HD04 [C~H~Dr-COOCH3-C2H201 r e q u i r e s  3 4 9 . 2 3 7 8 ;  f o u n d :  
3 1 7 . 2 1 2 4 .  CWH~~ [C~H~Dr-COOC~-C2H20-CH30Hl r e q u i r e s  3 1 7 . 2 1 1 6 ) .  A u m x  2 1 7  
n m  ( ,  8 8 6 7 ) .  " u m x  2 9 5 1 ,  2 9 3 5 ,  1 7 6 8 ,  1 7 3 0 ,  1 6 4 2 ,  1 4 3 7 ,  1 3 7 0 ,  1 2 4 1 ,  1 1 1 5 ,  
1 0 7 9 ,  1 0 3 3  c m - I .  I H  n . m . r .  ( 2 0 0 M H z )  6  0 . 8 0  - 2 . 1 0 ,  m ,  ( H 1 ) 2 '  ( H 2 ) 2 '  ( H 3 ) 2 '  
H 5 a ,  ( H 6 ) 2 '  ( H 7 ) 2 ;  0 . 8 3 ,  s ,  M e ;  0 . 8 4 ,  s ,  M e ;  1 . 0 3 ,  s ,  M e ;  1 . 3 8 ,  s ,  M e ;  
1 .  6 3 ,  d ,  J
9 a
, l I a  1 .  8  H z ,  H 9 a ;  2 . 0 7 ,  s ,  OCOC~; 2 . 2 2 ,  s ,  OCOC~; 3 . 5 0 ,  s ,  
OC~; 3 . 7 2 ,  s ,  COOC~; 4 . 0 3 ,  d ,  J
I 2
( J , I l a  2 . 0  H z ,  H 1 2 ( J ;  5 . 5 4 ,  d d ,  J
l l a
, 1 2 ( J  2 . 0  
H z ,  J
l l a
•
9 a  
1 . 8  H z ,  H l l a .  1 3 C  n . m . r .  ( 5 0 M H z )  6  1 7 . 8 ,  C H
3
;  1 8 . 3 ,  2 x C H
2
;  2 1 . 0 ,  
C~; 2 1 . 1 ,  C H
3
;  2 1 . 2 ,  C~; 2 1 . 6 ,  C H
3
;  3 3 . 2 ,  C~ a n d  C ;  3 7 . 4 ,  C ;  3 7 . 8 ,  C H
2
;  
3 9 . 1 ,  C H
2
;  4 0 . 6 ,  C ;  4 1 . 6 ,  C H
2
;  5 0 . 9 ,  C H
3
,  5 1 . 7 ,  C H
3
;  56.6,-~H, C 5  o r  C 9 ;  
5 8 . 2 ,  C H ,  C 5  o r  C 9 ;  6 7 . 1 ,  C H ,  C 1 2 ;  7 6 . 8 ,  C H ,  C 1 1 ;  1 1 3 . 6 ,  C 1 3 ;  1 6 4 . 5 ,  C 1 4  
o r  C 1 5 ;  1 6 5 . 7 ,  C 1 4  o r  C 1 5 ;  1 6 8 . 0 ,  O C O C H
3
;  1 7 0 . 2 ,  O C O C H
3
.  M a s s  s p e c t r u m  
m / z  3 4 9  ( 4 0 % ) ,  3 1 7  ( 3 0 ) ,  1 9 8  ( 1 0 ) ,  1 6 5  ( 2 2 ) ,  1 4 3  ( 1 3 ) ,  1 2 3  ( 1 1 ) ,  1 0 9  ( 1 0 ) ,  
9 5  ( 1 6 ) ,  8 1  ( 1 3 ) ,  6 9  ( 2 4 ) ,  4 3  ( 1 0 0 ) .  
A m b 1 i o f u r a n  ( 2 8 )  
A m b 1 i o f u r a n  ( 1 . 6  g ,  0 . 2 3 % )  w a s  i s o l a t e d  a s  a  c o l o u r l e s s  o i l  b . p .  
( K u g e 1 r o h r )  2 0 0 ' / 0 . 0 5  m m H g  ( l i t .
1 9  
1 9 0 · / 0 . 0 5 m m H g ) .  I H  n . m . r .  6  1 . 5 9 ,  b s ,  
3 x C H
3
;  2 . 0 0 ,  m ,  4 x H ;  2 . 0 7 ,  m ,  4 x H ;  2 . 2 4 ,  t d ,  J  7 . 7 ,  7 . 2  H z ,  ( H 2 ' ) 2 ;  2 . 4 5 ,  
b t ,  J  7 . 7  H z ,  ( H 1 ' ) 2 ;  5 . 1 0 ,  m ,  H 7 ' ,  H 1 1 ' ;  5 . 1 7 ,  t d d ,  J  7 . 2 ,  3 . 0 ,  2 . 5  H z ,  
H 3 ' ;  6 . 2 7 ,  m ,  H 4 ;  7 . 2 0 ,  m ,  H 2 ;  7 . 3 3 ,  m ,  H 5 .  
1 5 6  
H e x a h y d r o a m b 1 i o f u r a n  ( 2 9 )  
H e x a h y d r o a m b 1 i o f u r a n  ( 1 1 . 3  m g ,  0 . 0 0 1 7 % )  w a s  s e p a r a t e d  a s  a  c o l o u r l e s s  
o i l  b y g . 1 . c .  I H  n . m . r .  6  0 . 8 6 ,  d ,  J  7  H z ,  ( H 1 3 ' h ;  0 . 8 7 ,  d ,  J  7  H z ,  
3 x C H
3
;  1 . 0 - 1 . 3 ,  m ,  1 6 x H ;  1 . 4 7 ,  m ,  3 x H ;  2 . 3 7 ,  t ,  J  7 . 5  H z ,  ( H 1 ' ) 2 ;  6 . 2 5 ,  
b s ,  H 4 ;  7 . 2 0 ,  b s ,  H 2 ,  7 . 3 3 ,  t ,  J  1 . 6  H z ,  H 5 .  
A p 1 y r o s e o 1 - 1  ( 3 0 )  
A p 1 y r o s e o 1 - 1  ( 0 . 9 5 4  g ,  0 . 1 4 % )  w a s  i s o l a t e d  a s  c l e a r  c o l o u r l e s s  
n e e d l e s  f r o m  l i g h t  p e t r o 1 e u m / d i c h 1 0 r o m e t h a n e  m . p .  1 9 6 - 1 9 8  ( l i t .
1 9  
1 9 0 - 1 9 2 ' ) .  I H  n . m . r .  6  0 . 7 8 ,  s ,  M e ;  0 . 8 2 ,  s ,  M e ;  0 . 9 3 ,  m ,  H 1 a ;  0 . 9 4 ,  s ,  
M e ;  0 . 9 8 ,  t ,  J  7 . 5  H z ,  O C O C H
2
C H
2
C H . 3 ;  1 . 1 8 ,  t d ,  J  1 3 ,  5  H z ; - H 3 a ;  1 . 3 3 ,  d d ,  J  
1 3 . 2 ,  2 . 5  H z ,  H 5 a ;  1 . 3 7 - 1 . 7 6 ,  m ,  H1~, ( H 2 ) 2 '  H3~, H6~, H 9 a ,  H 1 1 a ,  H 1 2 a ;  
1 . 6 9 ,  m ,  OCOCH2C~CH3; 1 . 8 4 ,  d d d ,  J  1 4 . 8 ,  3 . 5 ,  2 . 5  H z ,  H 6 a ;  1 . 9 6 ,  q d ,  J  
1 3 . 1 ,  4 . 2 ,  H11~; 2 . 2 8 ,  b d ,  J  1 3 . 5  H z ,  H12~; 2 . 3 7 ,  m ,  OCOC~CH2CH3; 2 . 7 8 ,  
d d d ,  J  1 1 . 4 ,  7 . 9 ,  1 . 2  H z ,  H 1 3 ;  2 . 9 1 ,  d d ,  J  1 1 . 4 ,  6 . 1  H z ,  H 1 4 ;  3 . 7 7 ,  b s ,  
O H ;  4 . 7 5 ,  d d ,  J  3 . 5 ,  2 . 5  H z ,  H 7 ;  5 . 5 3 ,  d ,  J  6 . 1  H z ,  H 1 5 ;  6 . 0 5 ,  d ,  J  1 . 8  
H z ,  H 1 7 .  M a s s  s p e c t r u m  m / z  4 0 2 « 1 % ) ,  3 3 2 ( 2 ) ,  3 1 4 ( 4 ) ,  2 8 6 ( 7 5 ) ,  2 5 8  ( 4 8 ) ,  
2 4 3 ( 9 ) ,  2 3 0 ( 1 0 ) ,  2 2 9 ( 1 5 ) ,  1 6 3 ( 1 5 ) ,  1 6 2 ( 1 7 ) ,  1 3 7 ( 4 0 ) ,  1 2 4 ( 3 5 ) ,  1 0 9  ( 5 7 ) ,  
8 1 ( 3 2 ) ,  7 9 ( 1 8 ) ,  7 1 ( 5 0 ) ,  6 9 ( 4 5 ) ,  6 0 ( 3 0 ) ,  5 5 ( 4 4 ) ,  4 3 ( 1 0 0 ) .  
A p 1 y r o s e o l - 3  ( 3 1 )  
A p 1 y r o s e o l - 3  ( 0 . 1 3 0  g ,  0 . 0 1 9 % )  w a s  i s o l a t e d  a s  c l e a r  c o l o u r l e s s  
f i b r e s  f r o m  l i g h t  p e t r o 1 e u m /  d i c 1 0 r o m e t h a n e  m . p .  2 1 0 - 2 1 3  ( l i t .
1 9  
2 1 4 - 2 1 5 ) .  I H  n . m . r .  0  0 . 9 5 ,  m ,  H 1 a ;  0 . 9 8 ,  s ,  M e ;  1 . 0 1 ,  t ,  J  7 . 4  H z ,  
1 5 7  
OCOCH2CH2C~; 1 . 0 2 ,  s ,  M e ;  1 . 1 0 ,  s ,  M e ;  1 . 2 4 ,  d t ,  J  1 3 . 5 ,  4 . 2  H z ,  H 3 a ;  
1 . 3 5 - 1 . 8 0 ,  m ,  H1~, ( H 2 ) 2 '  H3~, H 5 a ,  H 9 a ,  H 1 1 a ,  H 1 2 a ;  1 . 7 4 ,  m ,  OCOCH2C~CH3; 
1 . 9 8 ,  d q ,  J  1 3 . 2 ,  4 . 2  H z ,  H11~; 2 . 3 7 ,  b d ,  J  1 4 . 2  H z ,  H12~; 2 . 4 6 ,  m ,  
OCOC~CH2CH3; 2 . 7 5 ,  m ,  H 1 3 ,  H 1 4 ;  3 . 1 8 ,  b s ,  O H ;  4 . 1 8 ,  d d d ,  J  1 1 . 6 ,  6 . 3 ,  2 . 7  
H z ,  H6~; 4 . 9 2 ,  d ,  J  2 . 7  H z ,  H7~; 5 . 5 6 ,  d ,  J  1 . 8  H z ,  H 1 7 ;  6 . 0 6 ,  m ,  H I S .  
M a s s  s p e c t r u m  m / z  4 3 6 « 1 % ) ,  4 1 8 « 1 ) ,  4 0 3 ( 1 ) ,  4 0 0 ( 1 ) ,  3 8 5 ( 2 ) ,  3 4 8 ( 1 ) ,  
3 0 2 ( 3 0 ) ,  2 4 5  ( 2 4 ) ,  7 1 ( 5 8 ) ,  4 3 ( 1 0 0 )  
A p 1 y r o s e o l - 4  ( 3 2 )  
A p 1 y r o s e o l - 4  ( 0 . 4 0 6  g ,  0 . 0 6 9 % )  w a s  i s o l a t e d  b y  h . p . 1 . c .  a s  a  
c o l o u r l e s s  g l a s s  m . p .  9 7 - 9 9  ( l i t .
1 9
1 2 5 - 1 2 7 · ) .  I H  n . m . r .  6  0 . 8 7 ,  s ,  M e ;  
0 " . 9 5 ,  m ,  H 1 a ;  0 . 9 7 ,  s ,  M e ;  1 . 0 3 ,  t ,  J  7 . 4  H z ,  O C O C H
2
C H
2
C H 3 ; - 1 . 0 5 ,  s ,  M e ;  
1 . 2 5 ,  d t ,  J  1 3 . 2 ,  4 . 2 H z ,  H 3 a ;  1 . 3 5 - 1 . 8 0 ,  m ,  H1~, ( H 2 ) 2 '  H3~, H 9 a ,  H I l a ,  
H 1 2 a ;  1 . 7 4 ,  m ,  OCOCH2C~CH3; 1 . 7 6 ,  d ,  J  1 2 . 4  H z ,  H 5 a ;  1 . 9 8 ,  s ,  OCOC~; 
2 . 0 0 ,  d q ,  J  1 3 . 2 ,  4 . 2  H z ,  H11~; 2 . 3 8 ,  m ,  H12~; 2 . 4 2 ,  m ,  OCOC~CH2CH3; 2 . 7 2 ,  
m ,  H 1 3 ,  H 1 4 ;  3 . 4 7 ,  d ,  J  2 . 1  H z ,  O H ;  4 . 9 8 ,  d ,  J  2 . 5  H z ,  H7~; 5 . 3 6 ,  d d ,  J  
1 2 . 4 ,  2 . 5  H z ,  H6~; 5 . 5 6 ,  d ,  J  2 . 1  H z ,  H 1 7 ;  6 . 0 3 ,  m ,  H 1 5 .  M a s s  s p e c t r u m  
m / z  4 6 3 « 1 % ) ,  3 7 2 « 1 ) ,  3 4 4 ( 4 ) ,  3 3 0 ( 2 ) ,  3 2 0 ( 1 ) ,  3 0 2 ( 5 ) ,  2 8 6 ( 5 ) ,  2 7 4 ( 1 4 ) ,  
2 5 6  ( 1 7 ) ,  1 0 5 ( 1 5 ) ,  7 1 ( 2 3 ) ,  5 5 ( 1 2 ) ,  4 3 ( 1 0 0 ) .  
A p 1 y r o s e o l - 5  ( 3 3 )  
A p 1 y r o s e o l - 5  ( 0 . 8 4 3  g ,  0 . 1 2 % )  w a s  i s o l a t e d  a s  c l e a r  c o l o u r l e s s  f i b r e s  
f r o m  l i g h t  p e t r o 1 e u m / d i c h 1 o r o m e t h a n e  m .  p .  2 1 2 - 2 1 5  ( l i t .
1 9  
2 1 4 - 2 1 7 · ) .  
I H  n . m . r .  6  0 . 8 7 ,  s ,  M e ;  0 . 9 6 ,  t ,  J  7 . 5 ,  H Z I \  OCOCH2CH2C~; 0 . 9 7 ,  m ,  H 1 a ;  
0 . 9 9 ,  s ,  M e ;  1 . 0 3 ,  s ,  M e ;  1 . 2 5 ,  t d ,  J  1 3 . 6 ,  4 . 2  H z ,  H 3 a ;  1 . 4 4 - 1 . 7 5 ,  m ,  
1 5 8  
Hl~, ( H 2 ) 2 '  H3~, H 9 a ,  H l l a ,  H 1 2 a ;  1 . 6 6 ,  m ,  OCOC~C~CH3; 1 . 8 3 ,  d ,  
J  1 2 . 1  H z ,  H 5 a ;  1 . 9 7 ,  d q ,  J  1 3 . 2 ,  4 . 0  H z ,  Hll~, 2 . 2 0 ,  d ,  J  2 . 7  H z ,  O H ;  
2 . 3 2 ,  m ,  OCOC~CH2CH3; 2 . 3 6 ,  m ,  H12~; 2 . 8 0 ,  m ,  H 1 3 ;  3 . 2 6 ,  b s ,  O H ;  3 . 4 4 ,  d d ,  
J  2 . 7 , 2 . 4  H z ,  H7~; 3 . 5 8 ,  d d ,  J  1 1 . 6 ,  6 . 3  H z ,  H 1 4 ;  5 . 3 9 ,  d d ,  
J  1 2 . 1 ,  2 . 4  H z ,  H6~; 5 . 5 9 ,  d ,  J  3 . 4  H z ,  H 1 7 ;  6 . 0 7 ,  d ,  J  6 . 3  H z ,  H 1 5 .  M a s s  
s p e c t r u m  m / z  3 8 9 « 1 % ) ,  3 4 8 ( 2 ) ,  3 4 0 ( 1 4 ) ,  3 3 0 ( 6 ) ,  3 0 2 ( 3 6 ) ,  1 7 9 ( 3 4 ) ,  1 2 3 ( 3 4 ) ,  
1 0 9 ( 4 2 ) ,  7 1 ( 7 2 ) ,  4 3 ( 1 0 0 ) .  
A p l y r o s e o l - 6  ( 3 4 )  
A p l y r o s e o l - 6  ( 0 . 4 6 6  g ,  0 . 0 6 9 % )  w a s  i s o l a t e d  b y  h . p . l . c .  a s  a  
c o l o u r l e s s  g l a s s  m . p .  1 1 4 - 1 1 8  ( l i t .
W  
1 3 3 - 1 3 5 · ) .  I H  n . m . r .  6  0 . 8 7 ,  s ,  M e ;  
0 . 9 3 ,  t ,  J  7 . 4  H z ,  OCOCH2CH2C~; 0 . 9 8 ,  s ;  M e ;  0 . 9 8 ,  m ,  Hla~~ 1 . 0 5 ,  s ,  M e ;  
1 . 2 5 ,  d t ,  J  1 3 . 4 ,  4 . 0  H z ,  H 3 a ;  1 . 3 5 - 1 . 8 0 ,  m ,  Hl~, ( H 2 ) 2 '  H3~, H 9 a ,  H l l a "  
H 1 2 a ;  1 . 6 1 ,  m ,  OCOC~C~CH3; 1 . 7 6 ,  d ,  J  1 2 . 2  H z ,  H 5 a ;  2 . 0 2 ,  m ,  Hll~; 2 . 1 8 ,  
s ,  O C O C H 3 ;  2 . 2 0 ,  m ,  OCOC~CH2CH3; 2 . 3 7 ,  b d ,  J  1 4 . 6  H z ,  H12~; 2 . 7 3 ,  m ,  H 1 3 ,  
H 1 4 ;  3 . 7 5 ,  d ,  J  2 . 4  H z ,  O H ;  4 . 9 6 ,  d ,  J  2 . 5  H z ,  H7~; 5 . 3 7 ,  d d ,  J  1 2 . 2 ,  
2 . 5 H z ,  H6~; 5 . 6 6 ,  d ,  J  2 . 4  H z ,  H 1 7 ;  6 . 0 2 ,  m ,  H 1 5 .  M a s s  s p e c t r u m  m / z  
4 6 3 « 1 % ) ,  3 7 2 ( 1 3 ) ,  3 4 4 ( 2 ) ,  3 0 2 ( 1 9 ) ,  2 8 6 ( 8 ) ,  2 7 4 ( 1 9 ) ,  2 5 6  ( 1 5 ) ,  7 1 ( 4 2 ) ,  
4 3 ( 1 0 0 ) .  
L a c t o n e  ( 3 5 )  
T h e  l a c t o n e  ( 3 5 )  ( 0 . 1 4 9  g ,  0 . 0 2 2 % )  w a s  i s o l a t e d  a s  f i n e  c o l o u r l e s s  
f i b r e s  f r o m  l i g h t  p e t r o l e u m / d i c h l o r o m e t h a n e  m . p .  1 7 9 - 1 8 0  (lit.~ 
1 7 9 - 1 8 0  ) .  [ a I D  - 4 0 . 9 · ,  [ a l
S 7 8  
- 4 2 . 8 · ,  [ a l S 4 6  - 4 8 . 6  ,  [ a I 4 3 6  - 8 2 . 2  
( c  1 . 9 9 ) .  I H  n . m . r .  6  0 . 7 9 ,  s ,  2 x M e ;  0 . 8 5 ,  s ,  M e ;  0 . 8 6 ,  m ,  H l a ;  0 . 9 3 ,  s ,  
M e ;  1 . 0 S ,  d d ,  H S a ;  1 . 1 7 ,  d t ,  H 3 a ;  1 . 2 4 - 1 . 7 8 ,  m ,  H1~, ( H 2 ) 2 '  H3~, ( H 6 ) 2 '  
H 9 a ,  ( H 1 1 ) 2 '  H 1 2 a ;  2 . 0 9 ,  s ,  OCOC~; 2 . 3 0 ,  m ,  H12~; 2 . S 0 ,  d d ,  J  7 . 6 ,  S . l  
H z ,  H 1 4 ;  2 . S 8 ,  m ,  H 1 3 ;  . 6 ,  S . l  H z ,  H 1 4 ;  3 . 9 8 ,  d d ,  J  1 0 . S ,  S . l  H z ,  H 1 S a ;  
4 . 2 3 ,  d ,  J  1 0 . S  H z ,  H1S~; 4 . 9 3 ,  m ,  H7~. M a s s  s p e c t r u m  m / z  3 0 2 ( 2 4 % ) ,  
2 8 7 ( 1 9 ) ,  2 S 9 ( 4 ) ,  2 1 7 ( 1 1 ) ,  1 4 9 ( 8 ) ,  1 3 7 ( 2 8 ) ,  1 2 3 ( 2 4 ) ,  1 0 9 ( 2 1 ) ,  9 S ( 2 6 ) ,  
8 1 ( 3 3 ) ,  4 3 ( 1 0 0 ) .  
L a c t o n e  ( 3 6 )  
T h e  l a c t o n e  ( 3 6 )  ( 0 . 3 8 0  g ,  0 . O S 6 % )  w a s  i s o l a t e d  b y  h . p . 1 . c .  a s  a  
c o l o u r l e s s  g u m .  l H  n . m . r .  a  0 . 7 9 ,  s ,  2 x M e ;  0 . 8 7 ,  m ,  H 1 a ;  0 . 9 2 ,  s ,  M e ;  
l S 9  
1 . 1 8 ,  m ,  H 3 a ,  H S a ;  1 . 3 0 - 1 . 8 0 ,  m ,  H1~, ( H 2 ) 2 '  H3~, ( H 6 ) 2 '  H 9 a ,  ( H 1 1 ) 2 '  H 1 2 a ;  
2 . 0 9 ,  s ,  OCOC~; 2 . 1 2 ,  s ,  OCOC~; 2 . 3 6 ,  m ,  H12~;2.62, m ,  - H 1 3 ,  H 1 4 ;  3 . 9 S ,  
d d ,  J  1 0 . 2 ,  S . 6  H z ,  H 1 S a ;  4 . 0 6 ,  d ,  J  1 3 . 2  H z ,  H 1 7 a ;  4 . 4 2 ,  d d ,  J  1 3 . 2 ,  
1 . 3 H z ,  H 1 7 b ;  4 . S 9 ,  d ,  J  1 0 . 2  H z ,  H1S~; S . 3 0 ,  m ,  H7~. M a s s  s p e c t r u m  m / z  
3 6 0 ( 2 % ) ,  3 1 8 ( 8 ) ,  3 0 0 ( 3 1 ) ,  2 8 8 ( l S ) ,  2 8 7 ( 2 4 ) ,  2 8 S ( 9 ) ,  1 2 3 ( 2 4 ) ,  1 0 9 ( 3 2 ) ,  
4 3 ( 1 0 0 ) .  
( S S ,  7 R ,  8 R ,  9 R ,  l O S ,  1 3 R ,  1 4 R ) - 7 , l S , 1 6 - t r i h y d r o x y - e n t - i s o c o p a 1 a n e  ( S 2 )  
A  m i x t u r e  o f  t h e  l a c t o n e  ( 3 S )  ( 2 1  m g ,  0 . O S 8  m m o 1 )  a n d  l i t h i u m  
a l u m i n i u m  h y d r i d e  ( e x c e s s )  i n  d r y  e t h e r  ( 2 0  m l )  w a s  h e a t e d  u n d e r  r e f l u x  
f o r  6  h o u r s .  T h e  m i x t u r e  w a s  t h e n  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  ( 3  M )  
a n d  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  ( 6  x  2 0  m l ) .  T h e  c o m b i n e d  e t h y l  a c e t a t e  
e x t r a c t s  w e r e  t h e n  w a s h e d  w i t h  s a t u r a t e d  s o d i u m  b i c a r b o n a t e  s o l u t i o n  ( 2  x  
2 0  m 1 ) ,  b r i n e  ( 2  x  2 0  m l ) ,  a n d  t h e  s o l v e n t  e v a p o r a t e d .  B e n z e n e  ( 1 0  m 1 )  
w a s  a d d e d  a n d  e v a p o r a t i o n  o f  t h e  s o l v e n t  y i e l d e d  a  c o l o u r l e s s  p o w d e r  ( 1 7  
m g ,  9 0 % ) .  ( F o u n d :  2 8 8 . 2 4 3 0 .  C~320 [CwH36~-2xH20 I  r e q u i r e s  2 8 8 . 2 4 5 3 ;  
f o u n d :  2 7 3 . 2 2 1 8 .  CI~O [CwH~~-2xH20-CH31 r e q u i r e s  2 7 3 . 2 2 1 8 ) .  V n m x  
3 3 2 3 b r ,  2 9 5 3 ,  2 9 2 6 ,  2 8 5 6 ,  1 4 6 2 ,  1 3 6 8 ,  1 0 2 1  c m - I .  
1 6 0  
I H  n . m : r .  ( C D ) O D / D
6
- D M S O )  6  0 . 7 8 ,  s ,  M e ;  0 . 8 2 ,  s ,  M e ;  0 . 8 4 ,  s ,  M e ;  0 . 8 5 ,  s ,  
M e ;  0 . 8 8 ,  m ,  H 1 a ;  1 . 1 5 - 1 . 5 1 ,  m ,  9 x H ;  1 . 5 8 - 1 . 7 5 ,  m ,  3 x H ;  1 . 7 7 ,  d t ,  
J  1 4 . 4 ,  2 . 8  H z ,  H6~; 2 . 0 1 ,  m ,  H 1 3 ,  H 1 4 ,  H12~; 3 . 4 0 - 3 . 5 3 ,  m ,  3 x H ;  3 . 6 2 ,  d d ,  
J  2 . 8 ,  2 . 8  H z ,  H7~; 3 . 8 8 ,  d d ,  J  1 1 . 2 ,  7 . 0 H z ,  1 x H .  M a s s  s p e c t r u m  m / z  
3 2 4 « 1 % ) ,  3 0 6 ( 1 4 ) ,  2 8 8 ( 1 0 ) ,  2 7 3 ( 1 0 ) ,  2 6 1 ( 7 ) ,  2 4 5 ( 5 ) ,  2 3 3 ( 5 ) ,  2 2 0 ( 5 ) ,  
2 0 7 ( 1 7 ) ,  1 7 7 ( 1 8 ) ,  1 4 9 ( 2 3 ) ,  1 2 3 ( 5 1 ) ,  1 0 9 ( 7 0 ) ,  9 5 ( 6 5 ) ,  8 1 ( 7 2 ) ,  6 9 ( 9 1 ) ,  
5 5 ( 1 0 0 ) .  
( 5 S ,  7 R ,  8 R ,  9 R ,  l O S ,  1 3 R ,  1 4 R ) - 7 - h y d r o x y s p o n g i a n  ( 5 3 )  
M e t h o d  1  
U s i n g  t h e  m e t h o d  o f  G i 1 1 i s  a n d  Beck~ t h e  t r i o 1  ( 5 2 )  ( 1 7  m g )  i n  
d i m e t h y 1 s u 1 f o x i d e  ( 2  m 1 )  w a s  h e a t e d  a t  1 4 0  - 1 4 5 '  f o r  1 4  h .  W a t e r  ( 5 0  m 1 )  
w a s  t h e n  a d d e d  a n d  t h e  p r o d u c t  e x t r a c t e d  i n t o  e t h e r  ( 3  x  2 0  m 1 ) .  T h e  
c o m b i n e d  e t h e r  e x t r a c t s  w e r e  w a s h e d  w i t h  w a t e r  ( 2  x  2 0  m 1 ) ,  b r i n e  ( 2  x  2 0  
m 1 ) ,  d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u 1 f a t e  a n d  t h e  s o l v e n t  e v a p o r a t e d .  
C h r o m a t o g r a p h y  o n  f l a s h  s i l i c a  g e l  e l u t i n g  w i t h  e t h y l  a c e t a t e / l i g h t  
p e t r o l e u m  ( 1 : 5 )  g a v e  7 - h y d r o x y s p o n g i a n  ( 5 3 )  a s  a  c o l o u r l e s s  g l a s s  ( 1 2  m g ,  
7 5 % ) .  ( F o u n d :  3 0 4 . 2 3 9 2 .  C~3202 [C~~OrH21 r e q u i r e s  3 0 4 . 2 4 0 2 ) .  V n m x  
3 4 3 5 b r ,  2 9 5 4 ,  2 9 2 8 ,  1 4 6 4 ,  1 3 9 0 ,  1 2 3 0 ,  1 0 5 8 ,  8 8 5  c m - I .  I H  n . m . r .  ( 2 0 0 M H z )  6  
0 . 7 2 - 1 . 8 3 ,  m ,  1 3 x H ;  0 . 8 2 ,  s ,  M e ;  0 . 8 6 ,  s ,  M e ;  0 . 8 7 ,  s ,  M e ;  0 . 9 7 ,  s ,  M e ;  
1 . 8 6 ,  d d d ,  J  1 4 . 4 ,  1 3 . 2 ,  2 . 4  H z ,  H6~; 2 . 4 7 ,  m ,  H 1 3 ;  2 . 6 4 ,  d d ,  J
1 4
, 1 3  6 . 2  H z ,  
J
I 4
) 5 a  5 . 4  H z ,  H 1 4 ;  3 . 4 9 ,  d d ,  
J
g e m  
1 1 . 4  H z ,  J
I 6 a
, 1 3  7 . 6  H z ,  H 1 6 a ;  3 . 6 2 ,  d d ,  J7~,6~ 2 . 4  H z ,  J7~,6a 3 . 2  H z ,  
\  
H7~; 3 . 7 2 ,  d d ,  J
g e m  
9  . .  0  H z ,  J I S a , 1 4  5 . 4  H z ,  H I S £ > ;  3 . 8 1 ,  d ,  J
g e m  
1 1 . 4  H z ,  
H16~; 3 . 9 0 ,  d ,  J
g e m  
9 . 0  H z ,  H15~. D C  n . m . r .  ( 5 0 K H z )  0  1 6 . 0 ,  C H
3
;  1 6 . 6 ,  
1 6 1  
C H
2
;  1 7 . 2 ,  C H
3
;  1 8 . 5 ,  C H
2
;  2 1 . 8 ,  C H
3
;  2 3 . 8 ,  C H
2
;  2 6 . 1 ,  C H
2
;  3 2 . 6 ,  C ;  3 3 . 2 ,  
C H
3
;  3 7 , S ,  C H ;  3 7 . 6 ,  C ;  3 9 . 5 ,  C ;  3 9 . 7 ,  C~; 4 2 . 0 ,  C H
2
;  4 3 . 7 ,  C H ;  4 7 . 0 ,  C H ;  
5 1 . 8 ,  C H ;  6 9 . 9 ,  C H
2
,  C 1 5  o r  C 1 6 ;  7 1 . 6 ,  C~, C 1 5  o r  C 1 6 ;  7 2 . 7 ,  C H ,  C 7 .  
M a s s  s p e c t r u m  m / z  3 0 6 ( 1 % ) ,  3 0 4 ( 2 ) ,  3 0 2 ( 4 ) ,  2 8 8 ( 1 8 ) ,  2 7 3 ( 1 1 ) ,  2 0 3 ( 1 0 ) ,  
1 5 0 ( 1 0 0 ) ,  1 3 7 ( 4 0 ) ,  1 2 3 ( 4 8 ) ,  1 0 9 ( 4 6 ) ,  9 5 ( 4 3 ) ,  8 1 ( 4 9 ) ,  6 9 ( 5 5 ) ,  5 5 ( 5 7 ) ,  
4 1 ( 6 3 ) .  ( F o u n d :  3 0 2 . 2 2 5 2 .  C~02 [C~~02-2xH21 r e q u i r e s  3 0 2 . 2 2 4 5 ;  f o u n d :  
2 8 8 . 2 4 3 5 .  C~320 r e q u i r e s  2 8 8 . 2 4 5 3 ;  f o u n d :  2 7 3 . 2 2 2 5 .  C 1 g 1 i 2 9 0  r e q u i r e s  
2 7 3 . 2 2 1 8 ) .  
M e t h o d  2  
U s i n g  t h e  m e t h o d  o f  B a r r y  a n d  Evans~ a  s o l u t i o n  o f  t h e  t r i o 1  ( 5 2 )  
( 1 1  m g ,  0 . 0 3 4  m m o 1 )  ,  c a r b o n  t e t r a c h l o r i d e  ( 2  m 1 ) ,  a n d  a c e t o n i t r i l e  ( 1  m 1 )  
w a s  h e a t e d  u n d e r  r e f l u x  f o r  2 4  h .  T h e  s o l u t i o n  w a s  t h e n  c o o l e d  a n d  t h e  
s o l v e n t  e v a p o r a t e d .  T h e  r e s i d u e  w a s  c h r o m a t o g r a p h e d  o n  f l a s h  s i l i c a  g e l  
e l u t i n g  w i t h  e t h y l  a c e t a t e / l i g h t  p e t r o l e u m  ( 1 : 9 )  t o  g i v e  ( 5 3 )  i n  7 0 %  y i e l d  
B e n z o y l a t i o n  o f  A p l y r o s e o l - l  ( 3 0 )  
A  s o l u t i o n  a p l y r o s e o l - l  ( 3 0 )  ( 4 0  m g ,  0 . 0 9 5  m m o l )  ,  p - b r o m o b e n z o y l  
c h l o r i d e  ( 1 6 0  m g ,  0 . 7 1  m m o l )  a n d  N , N - d i m e t h y l a m i n o p y r i d i n e  ( 1 2 0  m g ,  0 . 9 5  
~ 
.  
m m o l )  i n  d i c l o r o m e t h a n e  ( 1 5 m l )  w a s  s t i r r e d  a t  r o o m  t e m p e r a t u r e  ( 2 5  )  f o r  
~ 
7 2 h .  T h e  s o l v e n t  w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  t o  g i v e  a  c l e a r  
g l a s s .  P u r i f i c a t i o n  b y  h . p . l . c .  ( e t h y l  a c e t a t e  /  d i c h l o r o m e t h a n e , l : 1 9 )  
g a v e  o n e  m a j o r  p r o d u c t  a s  a  c l e a r  g l a s s  ( 4 5  m g ,  7 9 % )  w h i c h  w a s  
c r y s t a l l i s e d  b y  t h e  s l o w  d i f f u s i o n  m i x i n g  o f  d i c h l o r o m e t h a n e  a n d  l i g h t  
p e t r o l e u m  ( 3 0 - 4 0  )  a t  r o o m  t e m p e r a t u r e  f o r  9 6 h  t o  g i v e  t h e  
p - b r o m o b e n z o a t e ,  ( 5 R ,  7 S ,  8 R ,  9 S ,  1 0 R ,  1 3 S ,  1 4 S ,  1 5 R ) -
1 6 2  
7  , 1 5 - d i h y d r o x y s p o n g i a n - 1 6 , 1 7 - d i o n e - 7 - b u t y r a t e - 1 5 - p - b r o m o b e n z o a t e  ( 2 )  a s  
c o l o u r l e s s  n e e d l e s  m . p .  1 7 9 - 1 8 2 ' .  ( F o u n d : C ,  6 1 . 5 6 ;  H ,  6 . 8 3 .  C:nH39~Br 
r e q u i r e s  C ,  6 1 . 7 0 ;  H ,  6 . 4 7 % ) .  A~ 2 4 7 . 6 n m  «  1 5 3 8 9 ) .  v~ 2 9 3 3 ,  2 9 0 8 ,  
2 8 7 3 ,  1 8 0 0 ,  1 7 3 9 ,  1 5 9 1 ,  1 2 6 4 ,  1 2 5 8 ,  1 0 8 9 ,  1 0 1 2 ,  9 7 2 ,  9 5 8 ,  9 4 2 ,  9 3 5  cm~. 
I H  n . m . r .  6  0 . 7 3 ,  s ,  1 9 M e ;  0 . 7 5 ,  s ,  2 0 M e ;  0 . 7 8 ,  s ,  1 8 M e ;  0 . 8 8 ,  t ,  J  7 . 6  
H z ,  OCOC~CH2C~; 0 . 9 3 ,  m ,  H 1 a ;  1 . 1 6 ,  m ,  H 3 a ;  1 . 2 6 ,  d d ,  J
s a
, 6 B  1 3  H z ,  J
s a
, 6 a  
2 . 3  H z ,  H 5 a ;  1 . 3 8 - 2 . 0 0 ,  m ,  ( H 2 ) 2 '  H3~. H 6
B
,  H 9 ,  ( H l l h ,  H 1 2 a ;  1 . 6 0 ,  m ,  
OCOCH2C~CH3; 1 . 7 4 ,  m ,  H1~; 1 . 1 9 ,  m ,  H 6 a ;  2 . 2 7 ,  m ,  OCOC~CH2CH3; 2 . 5 5 ,  m ,  
H12~; 2 . 8 9 ,  d d ,  J
I 4
.
1 3  
8 . 2  H z ,  J
1 4
, 1 S  0  H z ,  H 1 4 ;  3 . 1 2 ,  b r  d d ,  J  6 . 8  H z ,  J  8 . 2  
H z ,  H 1 3 ;  5 . 7 0 ,  m ,  H 7 ;  6 . 3 7 ,  d ,  J
1 4
, l S  0  H z ,  H 1 5 ;  7 . 5 7  a n d  7 . 8 1 ,  A A ' B B '  
s y s t e m ,  A r - H ;  9 . 9 9 ,  s ,  C H O .  M a s s  s p e c t r u m  ( e . i . )  m / z  5 1 6 « 1 % ) ,  5 1 4 « 1 ) ,  
4 8 7 ( 1 ) ,  4 8 5 ( 1 ) ,  4 0 3 ( 3 ) ,  3 3 2 ( 8 ) ,  3 1 4 ( 3 1 ) ,  2 8 6 ( 6 3 } ,  285(78)~- 2 5 7 ( 2 9 ) ,  
2 2 9 ( 1 0 ) ,  1 8 5 ( 5 1 ) ,  1 8 3 ( 5 3 ) ,  1 2 3 ( 2 9 ) ,  7 1 ( 6 9 ) ,  4 3 ( 1 0 0 ) .  ( F o u n d :  5 1 4 . 1 3 5 1 .  
C
2 7
H
3
1 0 S B r  lC:nH39~Br - C~(~)2COOHl r e q u i r e s  5 1 4 . 1 3 5 5 ;  f o u n d :  4 8 5 . 1 3 4 2 .  
C
2 6
H
3 0
0
4
B r  r e q u i r e s  4 8 5 . 1 3 2 8 ;  f o u n d :  4 0 3 . 2 4 8 8 ,  C 2 4 H 3 s O S  r e q u i r e s  4 0 3 . 2 4 8 4 ;  
f o u n d :  3 1 4 . 1 8 6 2 ,  CwH26~ r e q u i r e s  3 1 4 . 1 8 8 2 ;  f o u n d :  2 8 6 . 1 9 3 7 ,  C
1
g H 2 6
0
2  
r e q u i r e s  2 8 6 . 1 9 3 3 ;  f o u n d :  2 5 7 . 1 8 7 9 ,  C 1 s H 2 s 0  r e q u i r e s  2 5 7 . 1 9 0 5 ) .  M a s s  
s p e c t r u m  ( c . i .  m e t h a n e )  m / z  5 1 7 « 1 % ) ,  5 1 5 « 1 ) ,  4 0 3 ( 4 8 ) ,  3 1 5 ( 3 7 ) ,  2 8 7 ( 2 4 ) ,  
2 0 3 ( 1 3 ) ,  2 0 1 ( 1 5 ) ,  4 1 ( 1 0 0 ) .  
D e n d r i 1 1 0 1 - 1  ( 3 7 )  
D e n d r i 1 1 0 1 - 1  w a s  i s o l a t e d  b y  h . p . 1 . c .  a s  c o l o u r l e s s  n e e d l e s  ( 6 . 3  m g ,  
0 . 0 0 0 9 3 % ) .  ( l i t .
2 6  
2 2 9 - 2 3 1 ' ) .  I H  n . m . r .  6  0 . 8 3 ,  s ,  M e ;  0 . 8 5 ,  s ,  M e ;  0 . 8 7 ,  
m ,  H 1 a ;  0 . 9 2 ,  s ,  M e ;  0 . 9 5 ,  d d ,  J 1 2 . 5 ,  2 . 7  H z ,  H 5 a ;  1 . 1 2 ,  m ,  H 7 a ,  H 3 a ;  
1 . 2 0 - 1 . 7 6 ,  m ,  9 x H ;  1 . 8 6 ,  m ,  1 x H ;  1 . 9 6 ,  H11~; 2 . 3 9 ,  m ,  H12~; 2 . 5 8 ,  d d ,  J  
1 6 3  
1 1 . 6 ,  6 . 1  H z ,  2 . 7 1 ,  m ,  H 1 3 ,  O H ;  5 . 5 0 ,  d ,  J  1 . 8  H z ,  H 1 7 ;  6 . 0 9 ,  d ,  J  6 . 1  H z ,  
H 1 5 .  M a s s  s p e c t r u m  m / z  3 0 4 « 1 % ) ,  2 8 8 ( 2 ) ,  2 8 1 ( 1 ) ,  2 7 5 ( 4 ) ,  2 6 4 ( 1 ) ,  2 5 6 ( 1 ) ,  
2 4 6 ( 4 ) ,  2 3 7 ( 2 ) ,  2 3 2 ( 1 ) ,  2 0 5 ( 3 ) ,  1 7 6 ( 5 ) ,  1 6 3 ( 8 ) ,  1 4 9 ( 6 ) ,  1 2 3 ( 7 ) ,  1 0 9 ( 9 ) ,  
95(8):~8(14), 4 3 ( 1 0 0 ) .  
D e n d r i 1 1 o l - 2  ( 3 8 )  
Dendri11ol-2~ ( 3 5  m g ,  0 . 0 0 5 2 % )  w a s  i s o l a t e d  b y  h . p . 1 . c .  a s  a  c o l o u r l e s s  
g l a s s  m . p .  1 2 0 - 1 2 4 .  I H  n . m . r .  6  0 . 8 8 ,  s ,  M e ;  0 . 9 8 ,  s ,  M e ;  0 . 9 9 ,  m ,  H l a ;  
1 . 0 5 ,  s ,  M e ;  1 . 2 6 ,  m ,  H 3 a ;  1 . 0 8 - 1 . 3 5 ,  m ,  9 x H ;  1 . 9 9 ,  s ,  OCOC~; 2 . 0 2 ,  m ,  
l x H ;  2 . 2 0 ,  s ,  OCOC~; 2 . 3 8 ,  m ,  l x H ;  2 . 7 4 ,  m ,  H 1 3 ,  H 1 4 ;  3 . 7 3 ,  b s ,  O H ;  4 . 9 8 ,  
d ,  J  2 . 7  H z ,  H7~; 5 . 3 6 ,  d d ,  J  1 2 . 2 ,  2 . 7 ,  H6~; 5 . 6 5 ,  b s ,  H 1 7 ;  6 . 0 3 ,  m ,  
H 1 5 .  M a s s  s p e c t r u m  m / z  4 5 0 « 1 % ) ,  3 4 6 ( 5 ) ,  3 4 5 ( 2 0 ) ,  3 0 2 ( 2 6 ) ,  2 8 6 ( 1 4 ) ,  
2 7 4 ( 3 0 ) ,  2 5 6 ( 3 5 ) ,  4 3 ( 1 0 0 ) .  
A R O S S T - l  ( 3 9 )  
M e t h y l  ( 5 S ,  7 R ,  8 R ,  9 R ,  l O S ,  1 3 R ,  1 4 R ) - 7 - b u t y r o x y - 1 5 , 1 7 - e p o x y - 1 5 - o x o -
e n t - i s o c o p a 1 a n - 1 6 - o a t e  ( 3 9 )  
A R O S S T - 1  ( 3 1  m g ,  0 . 0 0 4 5 % )  w a s  i s o l a t e d  b y  h . p . 1 . c .  a s  a  c o l o u r l e s s  g u m .  
( F o u n d :  4 3 4 . 2 6 7 0 .  C~H~06 r e q u i r e s  4 3 4 . 2 6 6 8 ) .  A~ n o  p e a k s .  p~ 2 9 5 6 ,  
2 9 3 3 ,  1 7 7 4 ,  1 7 3 5 ,  1 4 6 3 ,  1 4 3 8 ,  1 3 8 4 ,  1 3 1 8 ,  1 2 3 0 ,  1 1 7 4 ,  1 0 4 1  c m - I .  I H  ~.m.r. 
6  O .  7 7 ,  s ,  M e ;  0 . 7 8 ,  s ,  M e ;  O .  8 0 ,  s ,  M e ;  O .  9 4 ,  d t ,  J  g e m  1 3  H z ,  Jla,2~ 1 3  H z ,  
J
l a
, 2 a  3 . 8  H z ,  H 1 a ;  L O O ,  t ,  J  7 . 5 H z ,  OCOCH2CH2C~; 1 . 1 7 ,  d t ,  J
g e m  
1 3 . 8  H z ,  
J3a.2~ 1 3 . 8  H z ,  J
3 a
, 2 a  4 . 5  H z ,  H 3 a ;  1 . 3 0 ,  d d ,  Jsa,6~ 1 3 . 2  H z ,  J
s a
, 6 a  2 . 4  H z ,  
H 5 a ;  1 . 4 0 - 1 . 7 8 ,  m ,  H1~, ( H 2 ) 2 '  H3~, H6~, H 9 a ,  ( H 1 1 ) 2 '  H12~; 1 . 7 1 ,  m ,  
1 6 4  
OCOCH2C~CH3; 1 . 9 5 ,  m ,  H 6 a ,  H 1 2 a ;  2 . 3 6 ,  m ,  OCOC~C~C~; 2 . 8 4 ,  d d d ,  J
l 3
, 1 2 { 3  
1 1 . 4  H z ,  J
l 3
, 1 4  6 . 7  H z ,  J
l 3
, 1 2 a  4 . 1  H z ,  H 1 3 ;  2 . 9 6 ,  d d ,  J
I 4
.
l 3  
6 . 7  H z ,  J
1 4
, 1 2 a  1 . 5  
H z ,  H 1 4 ;  3 . 7 1 ,  s ,  COOC~; 4 . 0 2 ,  d ,  J
g m n  
1 0 . 0  H z ,  H 1 7 a ;  4 . 3 6 ,  d ,  J
g m n  
1 0 . 0  
H z ,  H 1 7 b ;  4 . 8 4 ,  d d ,  J
7
{ J , 6 a  2 . 8  H z ,  J
7
{ J . 6 { J  2 . 6  H z ,  H 7 { J .  l 3 C  n . m .  r .  ~ 1 3 . 7 ,  
C H
3
;  1 4 . 2 ,  C H
3
;  1 6 . 3 ,  C H
2
;  1 8 . 2 ,  C H
2
;  1 8 . 6 ,  C H
2
;  2 1 . 2 ,  C H
2
;  2 1 . 3 ,  C H
3
;  2 3 . 3 ,  
C H
2
;  3 2 . 5 ,  C ;  3 3 . 0 ,  C H
3
;  3 6 . 6 ,  C H
2
;  3 7 . 7 ,  C ;  3 8 . 4 ,  C H
2
;  3 8 . 6 ,  C H ;  4 1 . 7 ,  
C H
2
;  4 4 . 8 ,  C H ;  4 5 . 6 ,  C H ;  4 6 . 0 ,  C ;  4 8 . 4 ,  C H ;  5 1 . 8 ,  O C H
3
;  7 1 . 4 ,  C~, C 1 7 ;  
7 4 . 0 ,  C H ,  C 7 ;  1 7 2 . 4 ;  1 7 2 . 8 ;  1 7 6 . 1 ,  C 1 5 .  M a s s  s p e c t r u m  m / z  4 3 4 ( 5 % ) ,  
4 1 9 ( 1 ) ,  4 0 3 ( 3 ) ,  3 6 3 ( 1 2 ) ,  3 4 6 ( 2 9 ) ,  3 3 1 ( 1 7 ) ,  3 1 4 ( 8 ) ,  2 8 8 ( 2 2 ) ,  1 2 3 ( 1 4 ) ,  
1 0 5 ( 9 ) ,  9 1 ( 1 2 ) ,  7 1 ( 2 7 ) ,  4 3 ( 1 0 0 ) .  ( F o u n d :  4 0 3 . 2 5 0 7 .  C~H~s r e q u i r e s  
4 0 3 . 2 4 8 4 ;  f o u n d :  3 4 6 . 2 1 6 3 .  C~H~04 r e q u i r e s  3 4 6 . 2 1 1 4 ) .  
A R O S S T - 2  ( 4 0 )  
M e t h y l  ( 5 5 ,  7 R ,  8 R ,  9 R ,  1 0 5 ,  1 3 R ,  1 4 R ) - 7 - a c e t o x y - 1 5 , 1 7 - e p o x y - 1 5 - o x o -
e n t - i s o c o p a 1 a n - 1 6 - o a t e  ( 4 0 ) .  
A R O S S T - 2  ( 1 1 . 5  m g ,  0 . 0 0 1 7 % )  w a s  i s o l a t e d  b y  h . p . 1 . c .  a s  a  c o l o u r l e s s  
g u m .  ( F o u n d :  4 0 6 . 2 3 6 3 .  C~H~06 r e q u i r e s  4 0 6 . 2 3 5 5 ) .  h~ n o  p e a k s .  V u m x  
3 0 2 2 ,  2 9 5 6 ,  2 9 3 1 ,  1 7 7 5 ,  1 7 3 8 ,  1 3 7 5 ,  1 2 4 2 ,  1 2 3 1 ,  1 1 7 6 ,  1 0 4 0 ,  7 9 7  cm~. I H  
n.m.r.~ 0 . 7 7 ,  s ,  W
h 1 2  
2 . 2  H z ,  M e ;  0 . 7 9 ,  s ,  W
h / 2  
2 . 2  H z ,  M e ;  0 . 8 0 ,  s ,  W
h / 2  
2 . 2  H z ,  M e ;  0 . 9 4 ,  m ,  H 1 a ;  1 . 1 7 ,  d t ,  J  1 3 . 2 ,  4 . 2  H z ,  H 3 a ;  1 . 2 9 ,  d d ,  J  1 3 . 2 ,  
2 . 8  H z ,  H 5 a ;  1 . 4 0 - 1 . 7 8 ,  m ,  H 1 { J ,  ( H 2 ) 2 '  H 3 { J ,  H 6 { J ,  H 9 a ,  ( H 1 1 ) 2 '  H 1 2 { J ;  1 . 9 0 ,  
· m ,  H 1 2 a ;  1 . 9 6 ,  t d ,  J
g e m  
1 5 . 4  H z ,  J
6 a
, 5 a  2 . 8  H z ,  J
6 a
, 7 { J  2 . 8  H z ,  H 6 a ;  2 . 1 3 ,  s ,  
OCOC~; 2 . 8 5 ,  d d d ,  J
l 3
, 1 2 { J  1 1 . 0  H z ,  J
l 3
, 1 4  6 . 8  H z ,  J
l 3
, I 2 a  4 . 2  H z ,  H 1 3 ;  2 . 9 5 ,  d d ,  
J
1 4
, 1 3  6 . 8  H z ,  J
I 4
•
1 2 a  
1 . 6  H z ,  H 1 4 ;  3 . 7 3 ,  s ,  COOC~; 4 . 0 1 ,  d ,  J
g e m  
1 0 . 1  H z ,  
H 1 7 a ;  4 . 3 6 ,  d  ,  J
g e m  
1 0 . 1  H z ,  H 1 7 b ;  4 . 8 1 ,  d d ,  J
7
{ J . 6 { J  3 . 0  H z ,  J
7
{ J . 6 a  2 . 8  H z ,  
H 7 { J .  l 3 C  n . m . r .  ~ 1 4 . 2 ;  1 6 . 4 ;  1 8 . 2 ;  2 1 . 2 ;  2 1 . 3 ;  2 1 . 4 ;  2 3 . 1 ;  3 2 . 5 ;  3 3 . 1 ;  
1 6 5  
3 7 . 7 ;  3 6 . 2 ;  3 6 . 7 ;  4 1 . 6 ;  4 4 . 7 ;  4 5 . 5 ;  4 5 . 9 ;  4 6 . 3 ;  5 2 . 1 ;  7 1 . 5 ;  7 4 . 2 ;  1 7 0 . 0 ;  
1 7 3 . 0 ;  1 7 6 . 3 .  M a s s  s p e c t r u m  m / z  4 0 6 ( 1 8 % ) ,  3 9 1 ( 5 ) ,  3 7 5 ( 1 2 ) ,  3 6 3 ( 2 2 ) ,  
3 4 6 ( 7 2 ) ,  3 3 1 ( 3 4 ) ,  3 1 4 ( 2 5 ) ,  3 0 0 ( 1 3 ) ,  2 8 8 ( 4 8 ) ,  2 7 1 ( 1 4 ) ,  1 2 3 ( 4 9 ) ,  1 0 9 ( 3 7 ) ,  
9 1 ( 4 7 ) - , . 6 9 ( 7 3 ) ,  4 3 ( 1 0 0 ) .  ( F o u n d :  3 9 1 . 2 1 0 6 .  C z z H 3 1 0 6  r e q u i r e s  3 9 1 . 2 1 2 0 ;  
f o u n d :  3 7 5 . 2 1 7 7 .  C z z l l 3 1 0 S  r e q u i r e s  3 7 5 . 2 1 7 1 ;  f o u n d :  3 4 6 . 2 1 2 5 .  C 2 I H 3 Q 0 4  
r e q u i r e s  3 4 6 . 2 1 4 4 ) .  
A R O S S T - 3  ( 4 1 )  
M e t h y l  ( 5 5 ,  6 R ,  7 5 ,  8 R ,  9 R ,  1 0 R ,  1 3 R ,  1 4 R ) - 6 - b u t y r o x y - 1 5 , 1 7 - e p o x y - 7 -
h y d r o x y - 1 5 - o x o - e n t - i s o c o p a 1 a n - 1 6 - o a t e  ( 4 1 ) .  
A R O S S T - 3  ( 5 5 . 9  m g ,  0 . 0 0 8 3 % )  w a s  i s o l a t e d  b y  h . p . 1 . c .  a s  a - c l e a r  c o l o u r l e s s  
g l a s s .  ( F o u n d :  4 5 0 . 2 6 2 3 .  C~~07 r e q u i r e s  4 5 0 . 2 6 1 7 ) .  ~~ n o  p e a k s .  ' n m x  
3 5 3 1 b r ,  2 9 5 5 ,  2 9 3 4 ,  1 7 7 2 ,  1 7 3 4 ,  1 4 3 7 ,  1 3 8 5 ,  1 2 3 1 ,  1 1 7 8 ,  1 0 9 7 ,  1041·cm~. 
I H  n . m . r .  6  0 . 8 6 ,  s ,  M e ;  0 . 8 7 ,  s ,  M e ;  0 . 9 7 ,  t ,  J  7 . 4  H z ,  OCOCH2CH2C~; 
0 . 9 8 ,  m ,  H 1 a ;  1 . 0 2 ,  s ,  M e ;  1 . 2 5 ,  d t ,  J  1 3 . 2 ,  4 . 0  H z ,  H 3 a ;  1 . 3 7 ,  b d ,  J  1 3 . 2  
H z ,  H3~; 1 . 3 7 - 1 . 8 5 ,  m ,  H1~, ( H 2 ) 2 '  H 9 a ,  ( H 1 1 ) 2 '  H12~; 1 . 6 8 ,  m ,  
OCOCH2C~C~; 1 . 9 2 ,  d ,  Jsa,6~ 1 2 . 2  H z ,  H 5 a ;  1 . 9 2 ,  m ,  H 1 2 a ;  2 . 3 4 ,  m ,  
OCOC~CH2CH3; 2 . 5 5 ,  b s ,  O H ;  2 . 8 6 ,  d d d ,  JI3,12~ 1 1 . 4  H z ,  J
1 3
) 4  7 . 0  H z ,  J
1 3
) 2 a  3 . 6  
H z ,  H 1 3 ;  3 . 5 4 ,  d d ,  J
I 4
, 1 3  7 . 0  H z ,  J
1 4
, 1 2 a  1 .  5  H z ,  H 1 4 ;  3 . 6 1 ,  d ,  J7~,6~ 2 . 4  H z ,  
H7~; 3 . 7 3 ,  s ,  COOC~; 4 . 1 7 ,  d ,  Jg~ 1 0 . 1  H z ,  H 1 7 a ;  4 . 3 1 ,  d ,  J
g m n  
1 0 . 1  H z ,  
H l 7 b ;  5 . 3 5 ,  d d ,  J6~.sa 1 2 . 2  H z ,  J6~,7~ 2 . 4  H z ,  H6~. I 3 C  n . m . r .  6  1 3 . 6 ;  1 5 . 2 ;  
1 6 . 7 ;  1 8 . 0 ;  1 8 . 2 ;  2 1 . 2 ;  2 2 . 1 ;  3 2 . 5 ;  3 6 . 0 ;  3 6 . 7 ;  3 8 . 3 ;  3 8 . 8 ;  3 9 . 2 ;  4 2 . 1 ;  
4 3 . 1 ;  4 4 . 7 ;  4 7 . 2 ;  4 9 . 4 ;  5 1 . 9 ;  7 1 . 6 ;  7 2 . 0 ;  7 3 . 3 ;  1 7 2 . 6 ,  1 7 3 . 2 ;  1 7 6 . 6 .  M a s s  
s p e c t r u m  m / z  4 5 0 ( 1 % ) ,  4 3 5 ( 1 ) ,  4 1 9 ( 2 ) ,  3 6 2 ( 5 6 ) ,  3 4 7 ( 6 ) ,  3 3 0 ( 2 4 ) ,  3 1 5 ( 6 ) ,  
3 0 2 ( 5 ) ,  2 8 0 ( 6 ) ,  2 7 2 ( 6 ) ,  1 2 3 ( 1 0 ) ,  1 0 9 ( 1 1 ) ,  7 1 ( 4 0 ) ,  4 3 ( 1 0 0 ) .  ( F o u n d :  
4 3 5 . 2 3 9 6 .  C
2 4
H 3 f l 7  r e q u i r e s  4 3 5 . 2 3 8 2 ;  f o u n d :  4 1 9 . 2 4 6 8 .  C
2 4
H
3 S
0
6  
r e q u i r e s  
1 6 6  
4 1 9 . 2 4 3 3 ) .  
A R O S S T - 4  ( 4 2 )  
M e t h y l  ( 5 5 ,  6 R ,  7 5 ,  8 R ,  9 R ,  1 0 R ,  1 3 R ,  1 4 R ,  ) - 7 - a c e t o x y - 6 - b u t y r o x y - 1 5 , 1 7 -
e p o x y - 1 5 - o x o - e n t - i s o c o p a 1 a n - 1 6 - o a t e  ( 4 2 ) .  
A R O S S T - 4  ( 2 4 . 5  m g ,  0 . 0 0 3 6 % )  w a s  i s o l a t e d  b y  h . p . 1 . c .  a s  a  c o l o u r l e s s  
g l a s s .  ( F o u n d :  4 9 2 . 2 7 0 0 .  C~H~08 r e q u i r e s  4 9 2 . 2 7 2 3 ) .  A~ n o  p e a k s  .  
•  ~ 2 9 5 6 ,  2 9 3 5 ,  1 7 7 7 ,  1 7 4 4 ,  1 4 6 4 ,  1 4 3 8 ,  1 3 7 7 ,  1 3 7 0 ,  1 2 3 5 ,  1 1 7 8  c m - I .  I H  
n . m . r .  6  0 . 8 3 ,  s ,  W
h n  
2 . 1  H z ,  M e ;  0 . 8 8 ,  s ,  W
h n  
2 . 3  H z ,  M e ;  0 . 9 4 ,  t ,  J  7 . 5  
H z ,  OCOCH2C~C~; 0 . 9 8 ,  m ,  H 1 a ;  L O O ,  s ,  W h / 2  1 . 8  H z ,  M e ;  1 . 2 5 ,  d t ,  J  1 3 . 6 ,  
4 . 0  H z ,  H 3 a ;  1 . 4 1 ,  b d ,  J  1 3 . 6  H z ,  H 3 / ! ;  1 . 4 3 - 1 . 8 0 ,  m ,  H 1 / ! ; - ( H 2 ) 2 '  H 5 a ,  H 9 a ,  
( H 1 1 ) 2 '  H 1 2 / ! ;  1 . 6 4 ,  m ,  OCOCH2C~C~; 1 . 9 7 ,  m ,  H 1 2 a ;  2 . 1 7 ,  s ,  OCOC~; 2 . 2 0 ,  
m ,  OCOC~CH2CH3; 2 . 7 7 ,  m ,  H 1 3 ,  H 1 4 ;  3 . 7 1 ,  s ,  COOC~; 4 . 2 7 ,  d ,  J
g e m  
1 0 . 4  H z ,  
H 1 7 a ;  4 . 3 5 ,  d ,  J
g e m  
1 0 . 4  H z ,  H 1 7 b ;  5 . 1 4 ,  d ,  J
7
/ ! . 6 / !  2 . 3  H z ,  H 7 / ! ;  5 . 2 8 ,  d d ,  
J 6 / l , s a  1 2 . 2  H z ,  J
6
/ ! . 7 / !  2 . 3  H z ,  H 6 / ! .  1 3 c  n . m . r .  6  1 3 . 8 ,  C~; 1 5 . 5 ,  C~; 1 6 . 5 ,  
C~; 1 7 . 7 ,  C H
2
;  1 7 . 9 ,  C~; 2 0 . 6 ,  C H
2
;  2 0 . 8 ,  ~; 2 1 . 8 ,  C H
3
;  3 2 . 6 ,  C ;  3 6 . 1 ,  
C~; 3 6 . 4 ,  C~; 3 8 . 4 ,  C~; 3 8 . 5 ,  C H ;  3 9 . 2 ,  C ;  4 3 . 1 ,  C H
2
;  4 3 . 7 ,  C H ;  4 5 . 5 ,  
C H ;  4 6 . 4 ,  C ;  5 0 . 6 ,  C H ;  5 1 . 1 ,  O C H
3
;  7 0 . 0 ,  C H ,  C 6  o r  C 7 ;  7 1 . 1 ,  C H
2
,  C 1 7 ;  
7 4 . 1 , C H ,  C 6  o r  C 7 ;  1 7 0 . 0 ;  1 7 0 . 6 ;  1 7 2 . 9 ;  1 7 5 . 3 ,  C 1 5  . .  M a s s  s p e c t r u m  m / z  
4 9 2 ( 7 % ) ,  4 7 7 ( 2 ) ,  4 6 1 ( 4 ) ,  3 6 2 ( 5 1 ) ,  3 3 5 ( 8 ) ,  3 3 4 ( 1 0 ) ,  3 3 0 ( 1 8 ) ,  3 1 6 ( 1 2 ) ,  
1 4 9 ( 1 2 ) ,  1 2 3 ( 1 0 ) ,  1 0 9 ( 1 5 ) ,  8 1 ( 1 7 ) ,  7 1 ( 7 0 ) ,  4 3 ( 1 0 0 ) .  ( F o u n d :  4 7 7 . 2 4 9 8 .  
C~H~8 r e q u i r e s  4 7 7 . 2 4 8 8 ;  f o u n d :  4 6 1 . 2 5 4 9 .  C~~ r e q u i r e s  4 6 1 . 2 5 4 9 ) .  
A R O S S T - 5  ( 4 3 )  
M e t h y l  ( 5 5 ,  6 R ,  7 5 ,  8 R ,  9 R ,  1 0 R ,  1 3 R ,  1 4 R , ) - 6 - a c e t o x y - 7 - b u t y r o x y - 1 5 , 1 7 -
epoxy~15-oxo-ent-isocopalan-16-oate ( 4 3 ) .  
A R O S S T - 5  ( 6 2 . 5  m g ,  0 . 0 0 9 3 % )  w a s  i s o l a t e d  b y  h . p . l . c .  a s  c o l o u r l e s s  
n e e d l e s .  ( F o u n d :  4 9 2 . 2 7 0 7 .  CvH~08 r e q u i r e s  4 9 2 . 2 7 2 3 ) .  A~ n o  p e a k s .  
P
n m x  
2 9 5 5 ,  2 9 3 5 ,  1 7 7 6 ,  1 7 4 0 ,  1 2 4 2 ,  1 1 7 8 ,  1 0 5 4  c m - I .  I H  n . m . r .  6  0 . 8 1 ,  s ,  
1 6 7  
W
h / 2  
2 . 2  H z ,  M e ;  0 . 8 6 ,  s ,  W
h / 2  
2 . 4  H z ,  M e ;  L O O ,  m ,  H 1 0 / ;  1 . 0 1 ,  s ,  M e ;  1 . 0 3 ,  
t ,  J  7 . 4  H z ,  OCOC~CH2C~; 1 . 2 6 ,  d t ,  J  1 3 . 5 ,  4 . 4  H z ,  H 3 0 / ;  1 . 4 1 ,  b d ,  J  1 3 . 5  
H z ,  H3~; 1 . 4 3 - 1 . 8 0 ,  m ,  H1~, ( H 2 ) 2 '  H 9 0 / ,  ( H 1 1 ) 2 '  H12~; 1 . 7 5 ,  d t ,  J  7 . 4 ,  7 . 4  
H z ,  OCOCH2C~C~; 1 . 7 8 ,  d ,  JSO/p~ 1 2 . 3  H z ,  H 5 0 / ;  1 . 9 6 ,  m ,  H 1 2 0 / ;  1 . 9 9 ,  s ,  
OCOC~; 2 . 4 2 ,  t ,  J  7 . 4  H z ,  OCOC~C~CH3; 2 . 7 6 ,  d d d ,  J13,12~ 1 2 . 0 H z ,  J 1 3 , 1 4 6 . 4  
H z ,  J
1 3
, 1 2 O I  4 . 0  H z ,  H l 3 ;  2 . 8 2 ,  d d ,  J
1 4
, 1 3  6 . 4  H z ,  J
1 4
, 1 2 O I  1 . 6  H , , ; H 1 4 ;  3 . 7 1 ,  s ,  
COOC~; 4 . 2 7 ,  d ,  J g m n  1 0 . 2  H z ,  H 1 7 a ;  4 . 3 6 ,  d ,  J
g a n  
1 0 . 2  H z ,  H 1 7 b ;  5 . 1 7 ,  d ,  
J7~,6~ 2 . 4  H z ,  H7~; 5 . 2 6 ,  d d ,  J6~,5cI. 1 2 . 3  H z ,  J~,7~ 2 . 4  H z ,  H6~. 1 3 C  n . m . r .  
6  1 3 . 7 ;  1 5 . 4 ;  1 6 . 4 ;  1 7 . 9 ;  1 8 . 7 ;  2 0 . 4 ;  2 1 . 3 ;  2 1 . 8 ;  3 2 . 6 ;  3 6 . 1 ;  3 6 . 4 ;  3 8 . 3 ;  
3 8 . 4 ;  3 9 . 1 ;  4 3 . 0 ;  4 3 . 8 ;  4 5 . 5 ;  4 6 . 2 ;  5 0 .  B ;  5 2 . 0 ;  7 0 . 1 ,  C 6  o r  C 7 ;  7 1 . 1 ,  C 1 7 ;  
7 3 . 6 ,  C 6  o r  C 7 ;  1 7 0 . 1 ;  1 7 2 . 5 ;  1 7 2 . 6 ;  1 7 5 . 3 .  M a s s  s p e c t r u m  m / z  4 9 2 ( 4 % ) ,  
4 6 1 ( 2 ) ,  4 3 3 ( 1 0 ) ,  3 6 2 ( 3 4 ) ,  3 4 5 ( 3 ) ,  3 4 4 ( 4 ) ,  3 3 1 ( 7 ) ,  3 1 6 ( 6 ) ,  2 8 5 ( 4 ) ,  7 1 ( 4 0 ) ,  
5 5 ( 1 8 ) ,  4 3 ( 1 0 0 ) .  ( F o u n d :  4 6 1 . 2 5 3 4 .  Cu~ r e q u i r e s  4 6 1 . 2 5 3 9 ) .  
A R O S S T - 6  ( 4 4 )  a n d  A R O S S T - 6 A  ( 4 4 A )  
A R O S S T - 6  w a s  i s o l a t e d  b y  h . p . 1 . c .  a s  a  c o l o u r l e s s  g l a s s  h o w e v e r  i t  
o x i d i s e d  t o  A R O S S T - 6 A  b e f o r e  f u l l  s p e c t r o s c o p i c  m e a s u r e m e n t s  w e r e  o b t a i n e d .  
M e t h y l  ( 5 5 ,  7 R ,  B R ,  9 R ,  l O S ,  1 3 R , ) - 7 - a c e t o x y - e n t - i s o c o p a l a n -
1 6 8  
1 5 - a l - 1 6 - o a t e  (~,41 
I H  n . m . r .  6  0 . 7 8 ,  s ,  M e ;  0 . 8 0 ,  s ,  M e ;  0 . 8 5 ,  s ,  M e ;  1 . 0 7 ,  s ,  M e ;  1 . 0 9 - 1 . 7 9 ,  
m ,  1 3 x H ;  2 . 0 3 ,  s ,  O C O C H . 3 ;  2 . 4 4 ,  b d ,  J  1 0  H z ,  1 x R ;  2 . 6 3 ,  d ,  J  5  H z ,  H 1 4 ;  
3 . 1 6 ,  m ,  H 1 3 ;  3 . 6 8 ,  s ,  C O O C H . 3 ;  5 . 3 2 ,  b s ,  H7~; 9 . 7 7 ,  s ,  C H O .  
1 5 H ,  1 6 M e t h y 1  ( 5 5 ,  7 R ,  8 R ,  9 R ,  l O S ,  1 3 R ,  1 4 R ) - 7 - a c e t o x y - e n c - i s o c o p a 1 a n -
1 5 , 1 6 - d i o a t e  ( 4 4 A ) .  
A R O S S T - 6 A  ( 4 4 A )  w a s  i s o l a t e d  a s  a  w h i t e  p o w d e r .  
( F o u n d :  3 4 8 . 2 3 2 4 .  
C~H3204 [CnH~06-CH3COOHl r e q u i r e s  3 4 8 . 2 3 0 0 ) .  A n m x  n o  p e a k s .  ' n m x  
3 5 0 0 - 2 5 0 0 b r ,  2 9 5 5 ,  2 9 2 9 ,  1 7 3 2 ,  1 4 6 4 ,  1 4 4 3 ,  1 3 8 9 ,  1 3 6 6 ,  1 2 5 4 ,  1 1 8 1 ,  1 6 3 9  
c m - I .  I H  n . m . r .  6 0 . 7 5 ,  s ,  2 0 M e ;  0 . 7 7 ,  s ,  1 9 M e ;  0 . 8 3 ,  s ,  1 8 M e ;  0 . 8 7 ,  m ,  
H 1 a ;  1 . 0 8 ,  s ,  1 7 M e ;  1 . 1 7 ,  m ,  H 3 a ,  H 5 a ,  H 9 a ; 1 . 4 2 ;  m ,  H2a,--H3~, H H a ,  H 1 2 a ;  
1 . 6 0 ,  m ,  H2~, H11~; 1 . 6 8 ,  m ,  H1~, H6~; 1 . 8 4 ,  d d d ,  J
g m n  
1 5 . 0  H z ,  J6a~ 3 . 6  
H z ,  J6a,7~ 2 . 3  H z ,  H 6 a ;  2 . 0 6 ,  s ,  O C O C H . 3 ;  2 . 3 7 ,  d d d d ,  J  1 3 . 2 ,  5 . 3 ,  3 . 0 ,  1 . 8  
H z ,  H12~; 2 . 9 0 ,  d ,  J
1 4
, 1 3  5 . 3  H z ,  H 1 4 ;  3 . 2 2 ,  d d d ,  J
1 3
, 1 4  5 . 3  H z ,  J
1 3
, 1 2 a  5 . 2  H z ,  
J13.12~ 1 . 8  H z ,  H 1 3 ;  3 . 6 4 ,  s ,  C O O C H . 3 ;  5 . 2 9 ,  d d ,  J7~.6~ 3 . 4  H z  J7~.6a 2 . 3  H z ,  
H7~. 1 3 C  n . m . r .  6  1 4 . 9 ;  1 5 . 6 ;  1 7 . 5 ;  1 8 . 5 ;  2 1 . 0 ;  2 1 . 2 ;  2 2 . 2 ;  2 7 . 3 ;  3 2 . 6 ;  
3 2 . 9 ;  3 7 . 5 ;  3 9 . 7 ;  4 0 . 3 ;  4 0 . 8 ;  4 1 . 9 ;  4 8 . 1 ;  5 0 . 0 ;  5 1 . 4 ;  5 4 . 7 ;  7 5 . 3 ;  1 7 0 . 0 ;  
1 7 4 . 2 ;  1 7 7 . 2 .  M a s s  s p e c t r u m  m / z  4 0 8 « 1 ' ) ,  3 6 6 ( 1 3 ) ,  3 4 8 ( 2 5 ) ,  3 3 3 ( 1 0 ) ,  
3 1 6 ( 6 ) ,  3 0 1 ( 8 ) ,  2 8 9 ( 8 ) ,  2 4 2 ( 1 9 ) ,  2 0 7 ( 1 6 ) ,  1 8 9 ( 2 2 ) ,  1 1 9 ( 1 4 ) ,  9 3 ( 1 2 ) ,  
8 1 ( 1 4 ) ,  4 3 ( 1 0 0 ) .  ( F o u n d :  3 6 6 . 2 3 8 9 .  C~H~Os r e q u i r e s  3 6 6 . 2 4 0 6 ;  f o u n d :  
3 3 3 . 2 1 0 2 .  C
2 0
H
2 9
0
4  
r e q u i r e s  3 3 3 . 2 0 6 6 ;  f o u n d :  3 1 6 . 2 0 6 0 .  C
2 0
H
2 8
0
3  
r e q u i r e s  
3 1 6 . 2 0 3 8 ) .  
A R O S S T - 7  ( 4 5 )  
M e t h y l  ( 5 S ,  7 R ,  8 S ,  9 R ,  l O S ,  1 3 R ,  1 4 S ) - 7 - a c e t o x y - 1 4 - h y d r o x y p a 1 1 i d a n -
1 5 - o a t e  ( 4 5 ) .  
A R O S S T - 7  ( 1 4 . 2  m g ,  0 . 0 0 2 1 % )  w a s  i s o l a t e d  b y  h . p . 1 . c .  a s  a  c o l o u r l e s s  
1 6 9  
g u m .  ( F o u n d :  3 2 0 . 2 3 3 8 .  C w H 3 2 0 3  [ C n H 3 6 0 , C H P O H ]  r e q u i r e s  3 2 0 . 2 3 5 1 ) .  A m a x  
n o  p e a k s .  V m a x  3 5 5 8 b r ,  2 9 5 4 ,  2 9 2 9 ,  1 7 3 3 ,  1 4 3 9 ,  1 3 6 5 ,  1 2 6 4 ,  1 2 3 1 ,  1 1 8 9 ,  
1 0 2 4  c m - I .  I H  n . m . r .  6 0 . 7 6 ,  s ,  W
h / 2  
1 . 8  H z ,  2 0 M e ;  0 . 7 8 ,  s ,  W
h / 2  
2 . 0  H z ,  
1 9 M e ;  0 . 8 2 ,  d ,  J I 8 M e , 9 a  0 . 8  H z ,  1 8 M e ;  0 . 8 4 ,  s ,  W
h / 2  
1 . 6  H z ,  1 7 M e ;  0 . 9 4 ,  d t ,  J  
1 3 ,  3 . 7  H z ,  H 1 a ;  1 . 1 7 ,  d t ,  J  1 3 ,  4 . 2  H z ,  H 3 a ;  1 . 2 3 ,  H 5 a ;  1 . 4 1 ,  H3~; 1 . 4 3 ,  
H 2 a ;  1 . 5 1 ,  H I l a ;  1 . 5 7 ,  H2~; 1 . 6 0 ,  H11~; 1 . 7 3 ,  H1~, H 6 a ,  H6~; 1 . 8 5 ,  H 9 a ;  
1 . 8 6 ,  H 1 2 a ;  2 . 1 0 ,  b d ,  J  1 4  H z ,  H12~; 2 . 1 3 ,  s ,  OCOC~; 2 . 6 3 ,  m ,  H 1 3 ;  3 . 6 7 ,  
s ,  COOC~; 3 . 9 1 ,  b s ,  O H ;  4 . 1 2 ,  d ,  J
1 4
, 1 3  2 . 8  H z ,  H 1 4 ;  4 . 8 6 ,  · d d ,  J7~,6~ 2 . 8  H z ,  
J7~.6Q 2 . 8  H z ,  H7~. I 3 C  n . m . r .  6  1 5 . 5 ,  C H
3
;  1 7 . 9 ,  C~; 1 8 . 4 ,  C H
2
;  1 8 . 9 ,  C H 3 ;  
2 1 . 3 ,  C H
2
,  C~; 2 1 . 7 ,  C H
3
;  2 3 . 6 ,  C~; 3 2 . 7 ,  C ;  3 2 . 9 ,  C H
3
;  3 7 . 0 ,  C ;  3 9 . 7 ,  
C H
2
;  4 2 . 0 ,  C ,  C H
2
;  4 5 . 1 ,  C H
2
;  4 5 . 6 ,  C H ;  4 8 . 2 ,  C H ;  5 1 . 3 ,  O C H
3
;  7 7 . 8 ,  C H ,  C 7  
o r  C 1 4 ;  8 0 . 4 ,  C H ,  C 7  o r  C 1 4 ;  1 6 8 . 9 ;  1 7 4 . 1 .  M a s s  s p e c t r u m  m / z  3 7 9 « 1 % ) ,  
3 2 0 ( 8 ) ,  3 0 2 ( 2 0 ) ,  2 8 9 ( 4 ) ,  2 8 7 ( 4 ) ,  2 5 9 ( 3 ) ,  2 1 8 ( 9 ) ,  1 9 1 ( 1 4 ) ,  1 7 8 ( 9 ) ,  1 6 7 ( 1 0 ) ,  
1 4 9 ( 9 ) ,  1 2 4 ( 2 0 ) ,  1 0 9 ( 3 3 ) ,  9 4 ( 1 0 0 ) .  ( F o u n d :  3 0 2 . 2 2 6 4 .  CwH~02 r e q u i r e s  
3 0 2 . 2 2 4 5 ;  f o u n d :  2 8 7 . 2 0 1 3 .  C l g H 2 7 0 2  r e q u i r e s  2 8 7 . 2 0 1 1 ) .  
A R O S S T - 8  ( 4 6 )  
M e t h y l  ( 5 S ,  7 R ,  8 S ,  9 R ,  l O S ,  l 3 R ,  1 4 R ) - 7 - a c e t o x y - 1 4 - h y d r o x y p a l l i d a n -
1 5 - o a t e  ( 4 6 ) .  
A R O S S T - 8  ( 1 2 . 1  m g ,  0 . 0 0 1 8 % )  w a s  i s o l a t e d  b y  h . p . l . c .  a s  a  c o l o u r l e s s  g u m  
1 7 0  
w h i c h  c r y s t a l l i s e d  o n  s t a n d i n g .  ( F o u n d :  3 2 0 . 2 3 5 0 .  C~203 [CnH~O,-C~COOHl 
r e q u i r e s  3 2 0 . 2 3 5 1 ) .  A m a x  n o  p e a k s .  ' m a x  3 4 8 6 b r ,  2 9 5 6 ,  2 9 3 0 ,  1 7 2 3 ,  1 4 6 4 ,  
1 3 8 9 , 1 2 5 7 , 1 2 0 0 , 1 1 6 1  c m - I .  I H  n . m . r .  6 0 . 7 7 ,  s ,  W
h n  
1 . 8  H z ,  M e ;  0 . 7 8 ,  s ,  
W
h n  
2 . - 2 H z ,  M e ;  0 . 7 9 ,  s ,  W
h / 2  
1 . 6  H z ,  M e ;  0 . 8 3 ,  s ,  W
h / 2  
2 . 2  H z ,  M e ;  0 . 8 8 ,  m ,  
H I , , ;  1 . 1 8 ,  m ,  H 3 " ,  H 9 , , ;  1 . 2 5 ,  d d ,  J s a . , 6 f J  1 3 . 0  H z ,  J s a . , 6 a  2 . 6  H z ,  H 5 , , ;  1 . 4 3 ,  
m ,  H 2 " ,  H 3 f J ,  H 1 1 "  ,  H 1 1 f J ,  H 1 2 , , ;  1 . 6 3 ,  m ,  H 1 f J ,  H 2 f J ,  H 6 f J ;  1 . 7 6 ,  d t ,  J  I S ,  3 ,  
3  H z ,  H 6 , , ;  2 . 1 0 ,  s ,  OCOC~; 2 . 2 7 ,  m ,  H 1 2 f J ;  2 . 8 2 ,  d d d ,  J  6 . 3 ,  6 . 0 ,  2 . 1  H z ,  
H 1 3 ;  3 . 7 4 ,  s ,  COOC~; 3 . 8 2 ,  d d ,  J
I 4
, O H  8 . 3  H z ,  J
1 4
, 1 3  6 . 3  H z ,  H 1 4 ;  4 . 1 0 ,  d ,  J  
8 . 3  H z ,  O H ;  4 . 9 6 ,  d d ,  J  3 . 0 ,  3 . 0  H z ,  H 7 f J .  1 3 C  n . m . r .  6  1 3 . 5 ,  C H
3
;  1 5 . 6 ,  
C H
3
;  1 7 . 1 ,  C H
2
;  1 8 . 5 ,  C~; 2 1 . 2 ,  C H
3
;  2 1 . 3 ,  C H
3
;  2 2 . 6 ,  C H
2
;  2 5 . 7 ,  C H
2
;  3 2 . 7 ,  
C ;  3 3 . 0 ,  C H
3
;  3 7 . 2 ,  C ;  3 9 . 7 ,  C H
2
;  4 1 . 9 ,  C~; 4 2 . 4 ,  C H ;  4 3 . 6 ,  C ;  4 8 . 3 ,  C H ;  
5 2 . 0 ,  O C H
3
;  5 2 . 4 ,  C H ;  7 3 . 5 ,  C H ,  C 7 ;  7 3 . 5 ,  C H ,  C 1 4 ;  1 7 0 . 2 ;  1 7 5 . 4 .  M a s s  
s p e c t r u m  m / z  3 4 8 « 1 % ) ,  3 2 0 ( 2 9 ) ,  3 0 2 ( 3 7 ) ,  2 8 7 ( 7 ) ,  2 5 9 ( 3 ) ,  2 4 3 ( 4 ) ,  2 2 7 ( 5 ) ,  
2 1 8 ( 1 7 ) ,  1 9 1 ( 3 0 ) ,  1 7 8 ( 1 7 ) ,  1 2 4 ( 5 1 ) ,  1 0 9 ( 7 2 ) ;  9 4 ( 1 0 0 ) ,  8 1 ( 3 6 ) ,  6 9 ( 4 8 ) ,  
5 5 ( 5 7 ) .  ( F o u n d :  3 0 2 . 2 2 6 6 .  C~~02 r e q u i r e s  3 0 2 . 2 2 4 6 ) .  
A R O S S T - 9  ( 4 7 )  
( 5 5 ,  8 5 ,  9 R ,  l O S ,  1 3 R ,  1 4 R ) - 1 7 - a c e t o x y - 1 6 - o x o s p o n g i a n  ( 4 7 ) .  
A R O S S T - 9  ( 1 . 3  m g ,  0 . 0 0 0 1 9 % )  w a s  i s o l a t e d  b y  h . p . 1 . c .  a n d  e v a p o r a t i o n  o f  
t h e  s o l v e n t  g a v e  a  c l e a r  c r y s t a l l i n e  p r o d u c t .  ( F o u n d :  3 6 2 . 2 4 5 7 .  CnH~04 
r e q u i r e s  3 6 2 . 2 4 5 7 ) .  I H  n . m . r .  6  0 . 8 1 ,  s ,  W
h n  
1 . 8  H z ,  1 9 M e ;  0 . 8 3 ,  m ,  H I , , ;  
0 . 8 6 ,  s ,  W
h / 2  
1 . 8  H z ,  2 0 M e ;  0 . 8 9 ,  m ,  H 5 , , ;  1 . 0 2 ,  s ,  W
h / 2  
2 . 1  H z ,  1 8 M e ;  1 . 1 4 ,  
H 9 , , ;  1 . 1 5 ,  m ,  H 3 " ,  H 6 f J ;  1 . 3 7 ,  d t ,  J  1 3 . 5 ,  4 . 0  H z ,  H 7 , , ;  1 . 5 1 ,  m ,  H 2 " ,  H 3 f J ,  
H 1 1 f J ;  1 . 6 4 ,  m ,  H 2 f J ,  H 6 , , ;  1 . 7 3 ,  m ,  H 1 f J ,  H 1 1 "  ,  H 1 2 , , ;  1 . 7 4 ,  H 1 4 ;  1 . 8 1 ,  t d ,  J  
1 3 . 5 ,  3 . 2  H z ,  H 7 f J ;  2 . 0 5 ,  s ,  OCOC~; 2 . 1 4 ,  m ,  H 1 2 f J ;  2 . 8 4 ,  m ,  H 1 3 ;  3 . 9 9 ,  d d ,  
J
g e m  
1 1 . 6  H z ,  J 1 5 a . , 1 4  7 . 1  H z ,  H 1 5 , , ;  4 . 0 9 ,  d d ,  J
g e m  
1 2 . 5  H z ,  J
I 7 a
.
9
"  1 . 5  H z ,  
1 7 1  
H 1 7 a ;  4 . 3 4 ,  d d ,  Jg~ 1 1 . 6  H z ,  J~~)4 4 . 3  H z ,  H15~; 4 . 8 9 ,  d d ,  Jg~ 1 2 . 5  H z  ,  
J
I 7 b
•
1 4  
1 . 8  H z ,  H l 7 b .  M a s s  s p e c t r u m  m / z  3 6 2 ( 1 6 % ) ,  3 2 0 ( 1 0 ) ,  3 0 2 ( 6 2 ) ,  
2 8 7 ( 2 3 ) ,  2 7 4 ( 1 0 ) ,  2 5 9 ( 6 ) ,  2 4 6 ( 1 1 ) ,  2 3 1 ( 1 2 ) ,  2 1 7 ( 1 4 ) ,  2 0 5 ( 2 1 ) ,  1 4 5 ( 2 6 ) ,  
1 3 7 ( 2 8 ) ,  1 2 3 ( 5 5 ) ,  9 1 ( 5 4 ) ,  8 1 ( 8 7 ) ,  6 9 ( 1 0 0 ) .  ( F o u n d :  3 2 0 . 2 3 3 0 .  C w H 3 2 0 3  
r e q u i r e s  3 2 0 . 2 3 5 1 ;  f o u n d :  3 0 2 . 2 2 5 4 .  Cw~~ r e q u i r e s  3 0 2 . 2 2 4 5 ) .  
A R O S S T - 1 0  ( 4 8 )  
( 5 5 ,  7 R ,  8 R ,  9 R ,  l O S ,  1 3 R ,  1 4 R ,  1 5 S ) - 7 - a c e t o x y - 1 5 - h y d r o x y - 1 6 -
o x o s p o n g i a n  ( 4 8 ) .  
A R O S S T - 1 0  w a s  i s o l a t e d  b y  h . p . 1 . c .  a s  a  c o l o u r l e s s  g u m .  ( F o u n d :  
3 1 8 . 2 1 9 0 .  C w H 3 0 0 3  [C~OrCH3COOHl r e q u i r e s  3 1 8 . 2 1 9 5 ) .  A n . a , .  n o  p e a k s  .  
•  ~ 3 3 6 3 b r ,  2 9 5 9 ,  2 9 3 0 ,  1 7 7 5 ,  1 7 2 6 ,  1 4 6 5 ,  1 4 4 4 ,  1 3 7 6 ,  1 2 5 4 ,  1 0 8 9 ,  1 0 3 6 ,  
9 3 6  c m - I .  I H  n . m . r .  6  0 . 7 9 ,  s ,  W
h 1 2  
1 . 8  H z ,  1 9 M e ;  0 . 8 0 ,  s ,  W h / 2  1 . 6  H z ,  
2 0 M e ;  0 . 8 4 ,  d ,  J  0 . 9  H z ,  1 8 M e ;  0 . 8 6 ,  m ,  H 1 a ;  0 . 8 8 ,  s ,  W
h 1 2  
1 . 6  H z ,  1 7 M e ;  
1 . 0 2 ,  d d ,  J9ot.11~ 1 2 . 4  H z ,  J9ot,11~ 2 . 4  H z ,  H 9 a ;  1 . 1 8 ,  d t ,  J  1 3 . 5 ,  4 . 4  H z ,  H 3 a ;  
1 .  2 8 ,  d q ,  Jg~ 1 2 . 6  H z ,  Jl1~,9ot 1 2 . 6  H z ,  Jl1~)2a 1 2 . 6  H z ,  Jl1~)2~ 4 . 8  H z ,  Hll~; 
1 . 3 4 ,  m ,  H 5 a ;  1 . 3 8 - 1 . 8 0 ,  m ,  ( H 2 ) 2 '  H3~, ( H 6 ) 2 '  H I l a ,  H 1 2 a ;  1 . 7 3 ,  d d d d ,  Jg~ 
1 2 . 7  H z ,  JI~.2~ 3 . 3  H z ,  J
I
( J . 2 a  3 . 3  H z ,  J
I
( J . 3 ( J  1 . 5 H z ,  H 1 ( J ;  2 . 1 3 ,  s ,  OCOC~; 
2 . 3 0 ,  b d d ,  Jg~ 1 4 . 4  H z ,  J
I 2
( J . 1 1 ( J  4 . 8  H z ,  H 1 2 ( J ;  2 . 4 6 ,  d ,  J
I 4
•
1 3  
8 . 2  H z ,  H 1 4 ;  
2 . 9 5 ,  d t ,  J
1 3
) 4  8 . 2  H z ,  J 1 3 , 1 2 a  8 . 2  H z ,  J
1 3
•
1 2
( J  0 . 8  H z ,  H l 3 ;  3 . 7 7 ,  b s ,  O H ;  5 . 0 5 ,  
d d ,  J
7
( J . 6 ( J  2 . 9  H z ,  J
7
( J . 6 a  2 . 9  H z ,  H7~; 5 . 5 6 ,  b s ,  W
h / 2  
5 . 0  H z ,  H 1 5 .  1 3 C  n . m . r .  
6  1 6 . 0 ;  1 6 . 3 ;  1 7 . 4 ;  1 8 . 4 ;  2 1 . 2 ;  2 1 . 3 ;  2 3 . 2 ;  3 2 . 7 ;  3 2 . 9 ;  3 4 . 2 ;  3 7 . 3 ;  3 6 . 2 ;  
3 9 . 8 ;  4 1 . 8 ;  4 4 . 4 ;  4 7 . 6 ;  4 7 . 7 ;  5 1 . 4 ;  7 4 . 1 ,  C 7 ;  9 6 . 6 ,  C 1 5 ;  1 7 0 . 8 ,  O C O C H
3
;  
1 7 8 . 6 ,  C 1 6 .  M a s s  s p e c t r u m  m / z  3 6 0 ( 3 % ) ,  3 1 8 ( 7 6 ) ,  3 0 4 ( 3 0 ) ,  3 0 0 ( 1 6 ) ,  
2 8 5 ( 1 3 ) ,  2 4 4 ( 7 6 ) ,  2 2 9 ( 4 3 ) ,  1 5 9 ( 1 6 ) ,  1 3 7 ( 1 0 0 ) ,  1 2 3 ( 5 7 ) ,  1 0 9 ( 4 3 ) ,  9 5 ( 4 9 ) ,  
8 1 ( 6 7 ) .  6 9 ( 7 6 ) ,  5 5 ( 7 3 ) ,  4 3 ( 8 5 ) .  ( F o u n d :  3 0 0 . 2 1 0 2 .  CwH~02 r e q u i r e s  
3 0 0 . 2 0 8 9 ) .  
A R O S S T - l l  ( 4 9 )  
( S S .  7 R .  8 R .  9 R .  1 0 S .  1 3 S .  1 4 R ) - 7 . 1 7 - d i a c e t o x y - 1 3 - h y d r o x y -
1 6 - o x o s p o n g i a n  ( 4 9 ) .  
A R O S S T - 1 1  ( 5 . 1  m g .  0 . 0 0 0 7 6 % )  w a s  i s o l a t e d  b y  h . p . 1 . c .  a s  a  c o l o u r l e s s  
1 7 2  
g u m .  ( F o u n d :  3 7 6 . 2 2 2 7 .  C n H 3 2 0 S  [C24H36~-CH3COOHl r e q u i r e s  3 7 6 . 2 2 4 9 ) .  h m a x  
n o  p e a k s .  P m a x  3 3 4 5 b r .  2 9 5 8 .  2 9 2 9 .  1 7 7 4 .  1 7 3 5 .  1 4 7 2 .  1 3 7 5 .  1 2 3 3 .  1 1 4 3 .  
1 0 3 9  c m - I .  l H  n . m . r .  6  0 . 7 9 .  s .  2 x M e ;  0 . 9 2 .  s .  W
h 1 2  
2 . 0  H z .  1 8 M e ;  0 . 9 4 .  d t .  
J  1 2 . 6 .  3 . 9  H z .  H 1 a ;  1 . 1 9 .  d t .  J  1 3 . 4 .  4 . 0  H z .  H 3 a ;  1 . 4 1 .  d d .  J
S 0 1
, 6 ( 3 1 3 . 0  
H z .  J~6O< 2 . 1  H z .  H 5 a ;  1 . 4 3 .  H 3 ( 3 ;  1 . 4 8 .  m .  H 2 a .  H 1 1 ( 3 ;  1 . 5 3 ,  d d d .  J g & n  1 4 . 8  
H z .  J
6
( 3 , 5 0 /  1 3 . 0  H z .  J
6
( 3 , 7 ( 3  2 . 1  H z .  H 6 ( 3 ;  1 . 6 2 .  m .  H 9 a ,  H 2 ( 3 ;  1 . 7 4 .  m .  H 1 ( 3 .  
H l l a .  H 1 2 a ;  1 . 7 8 .  d d d .  J g & n  1 4 . 8  H z .  J 6 O < , 7 ( 3  3 . 7  H z .  J 6 O < , 5 0 /  2 . 1  H z .  H 6 a ;  2 . 0 8 .  
s .  OCOC~; 2 . 1 4 .  s .  OCOC~; 2 . 4 0 .  s .  O H ;  2 . 4 2 .  d d .  J
l 4
, 1 S 0 1  5 . 7  H z .  J
I 4
, I S ( 3  2 . 2  
H z .  H 1 4 ;  2 . 4 6 .  m .  H 1 2 ( 3 ;  4 . 0 6 .  d .  J
g a n  
1 3 . 2  H z .  H 1 7 a ;  4 . 3 1 .  d .  J
g a n  
1 3 . 2  H z .  
H l 7 b ;  4 . 3 6 .  d d .  J
g e r n  
9 . 7  H z .  J
1 S 0 1
, l 4  5 . 7  H z .  H 1 5 a ;  4 . 4 1 .  d d .  J g & n  9 . 7  H z .  
J
1 S
( 3 , 1 4  2 . 2  H z .  H 1 5 ( 3 ;  5 . 1 4 .  d d .  J
7
( 3 , 6 O <  3 . 7  H z .  J
7
( 3 , 6 ( 3  2 . 1  H z .  H 7 ( 3 .  1 3 C  n . m . r .  
6  1 6 . 1 .  C H
3
;  1 7 . 2 .  C H
2
;  1 8 . 4 .  C H
2
;  2 0 . 9 .  C~; 2 1 . 2 .  C H
3
;  2 1 . 3 .  C H
3
;  3 0 . 6 .  
C H
2
;  3 0 . 8 .  C H
2
;  3 2 . 6 .  C ;  3 2 . 9 .  C H
3
;  3 7 . 4 .  C ;  3 9 . 9 .  ~; 4 1 . 6 .  C H
2
;  4 1 . 7 .  C ;  
4 7 . 4 .  C H ;  4 7 . 7 .  C H ;  5 0 . 5 .  C H ;  6 3 . 6 .  C~. C 1 5  o r  C 1 7 ;  6 7 . 2 .  C H
2
•  C 1 5  o r  
C 1 7 ;  7 0 . 1 .  C H .  C 7 ;  7 3 . 8 .  C .  C 1 3 ;  1 7 0 . 1 .  O C O C H
3
;  1 7 0 . 2 .  O C O C H
3
;  1 7 7 . 6 .  
C 1 6 .  M a s s  s p e c t r u m  m / z  3 7 6 ( 2 % ) .  3 3 4 ( 4 ) .  3 1 6 ( 3 4 ) .  3 0 3 ( 2 0 ) .  3 0 1 ( 1 3 ) .  
2 9 8 ( 6 ) .  2 5 9 ( 4 5 ) .  1 8 7 ( 2 0 ) .  1 4 5 ( 2 2 ) .  1 2 3 ( 3 8 ) .  1 0 9 ( 5 9 ) .  9 5 ( 3 3 ) .  8 1 ( 4 0 ) .  
6 9 ( 7 2 ) .  5 5 ( 6 3 ) .  4 3 ( 1 0 0 ) .  ( F o u n d :  3 3 4 . 2 1 7 0 .  CWH~04 r e q u i r e s  3 3 4 . 2 1 4 4 ;  
f o u n d :  3 1 6 . 1 9 9 4 .  C w H 2 8 0 3  r e q u i r e s  3 1 6 . 2 0 3 8 ) .  
1 7 3  
A c e t y l a t i o n  o f  A R O S S T - 3  ( 4 1 ) .  
A  s o l u t i o n  o f  A R O S S T - 3  ( 1 0  m g )  i n  a c e t i c  a n h y d r i d e / p y r i d i n e  ( 1  :  1 ,  2  m l )  
w a s  s t i r r e d  a t  r o o m  t e m p e r a t u e  f o r  2 4  h .  T . l . c .  i n d i c a t e d  t h e  p r e s e n c e  o f  
o n e  p r o d u c t .  T h e  s o l v e n t  w a s  e v a p o r a t e d  a n d  t h e  r e s i d u e  t a k e n  u p  i n  
d i c h l o r o m e t h a n e  a n d  f i l t e r e d  t h r o u g h  f l a s h  s i l i c a  g e l .  E v a p o r a t i o n  o f  t h e  
s o l v e n t  y i e l d e d  a  c o l o u l e s s  g l a s s ,  t h e  I H  n . m . r .  s p e c t r u m  o f  w h i c h  w a s  
i d e n t i c a l  t o  t h a t  o f  A R O S S T - 4  ( 4 2 ) .  
(5~, 8~, 9 R · ,  10~, l3~, l4~, l5~, l 6 S · ) - 1 5 , 1 6 - d i a c e t o x y s p o n g i a n  ( 5 4 )  
l 5 , 1 6 - d i a c e t o x y s p o n g i a n  ( 5 4 )  w a s  i s o l a t e d  b y  c o l u m n  c h r o m a t o g r a p h y  o n  
f l a s h  s i l i c a  g e l  a s  a  c o l o u r l e s s  c r y s t a l l i n e  p r o d u c t .  I H  n . m . r .  a  0 . 7 3 ,  
d d ,  J  1 2 ,  2 . 3  H z ,  1 x R ;  0 . 8 2 ,  s ,  M e ;  0 . 8 4 ,  s ,  M e ;  0 . 8 5 ,  s ,  M e ;  0 . 9 5 ,  s ,  M e ;  
0 . 8 0 - 1 . 9 0 ,  m ,  1 5 x R ;  1 . 9 0 ,  d ,  J  7 . 7 H z ,  H 1 4 ;  1 . 9 6 ,  m ,  1 x R ;  2 . 0 6 ,  s ,  OCOC~; 
2 . 1 0 ,  s ,  OCOC~; 2 . 5 8 ,  d d d d ,  J  7 . 7 ,  7 . 6 ,  7 . 3 ,  1 . 7  H z ,  H 1 3 ;  6 . 0 9 ,  s ,  H 1 5 ;  
6 . 1 1 ,  d ,  J  7 . 6 H z ,  H 1 6 .  M a s s  s p e c t r u m  m / z  2 8 6 ( 4 8 % ) ,  2 7 2 ( 1 6 ) ,  1 4 7 ( 3 7 ) ,  
1 3 7 ( 6 7 ) ,  1 3 5 ( 2 2 ) ,  1 0 9 ( 1 1 ) ,  9 5 ( 2 0 ) ,  9 1 ( 1 9 ) ,  5 5 ( 2 8 ) ,  4 3 ( 1 0 0 ) .  
(5~, 8 S · ,  9 S · ,  1 0 R · ,  1 3 S · ,  1 4 S · ) - 1 6 - o x o s p o n g i a n  ( 5 5 )  
1 6 - o x o s p o n g i a n  ( 5 5 )  w a s  i s o l a t e d  b y  c o l u m n  c h r o m a t o g r a p h y  o n  f l a s h  s i l i c a  
g e l  a s  a  c o l o u r l e s s  c r y s t a l l i n e  p r o d u c t .  I H  n . m . r .  a  0 . 7 8 ,  m ,  H 9 a ;  0 . 8 0 ,  
m ,  H 1 a ;  0 . 8 0 ,  s ,  M e ;  0 . 8 2 ,  s ,  M e ;  0 . 8 5 ,  s ,  M e ;  0 . 8 6 ,  s ,  M e ;  1 . 0 0 - 1 . 9 0 ,  m ,  
1 5 x R ;  2 . 0 9 ,  d d ,  J  8 . 0 ,  5 . 4  H z ,  H 1 4 ;  2 . 3 0 ,  b d d ,  J  1 4 ,  5  H z ,  H12~; 2 . 5 3 ,  
d d d ,  J  8 . 0 ,  8 . 0 ,  0 . 6  H z ,  H 1 3 ;  4 . 1 0 ,  d d ,  J  9 . 8 ,  5 . 4  H z ,  H 1 5 a ;  4 . 2 1 ,  d ,  J  
1 7 4  
9 . 8  H z ,  H15~. M a s s  s p e c t r u m  m / z  3 0 4 ( 9 % ) ,  2 8 9 ( 1 7 ) ,  1 9 1 ( 1 0 0 ) ,  1 8 0 ( 1 0 ) ,  
1 2 4 ( 1 7 ) ,  1 0 9 ( 3 3 ) ,  9 5 ( 4 2 ) ,  6 9 ( 6 0 ) .  
1-Ethyl-~-carboline ( 5 6 )  
l-Ethyl-~-carboline ( 2  m g ,  0 . 0 0 6 % )  w a s  i s o l a t e d  b y  h . p . l . c .  a s  a  s l i g h t l y  
y e l l o w  c r y s t a l l i n e  p r o d u c t .  I H  n . m . r .  6  1 . 4 9 ,  t ,  J  7 . 6  H z ,  C~CH~r; 3 . 1 9 ,  
q ,  J  7 . 6  H z ,  CH3C~r; 7 . 3 0 ,  m ,  H 6 ;  7 . 5 6 ,  m ,  H 7 ,  H 8 ;  7 . 8 5 ,  J  5 . 4  H z ,  H 4 ;  
8 . 1 3 ,  d ,  J  8  H z ,  H 5 ;  8 . 4 0 ,  d ,  J  5 . 4  H z ,  H 3 ;  8 . 4 4 ,  b s ,  N - H .  M a s s  s p e c t r u m  
m / z  1 9 6 ( 8 1 ) ,  1 9 5 ( 1 0 0 ) ,  1 6 8 ( 2 9 ) ,  1 5 4 ( 6 ) ,  1 4 0 ( 8 ) .  1 1 ' \  1 ' 4 .  ~'1 >  J1'~ 1 7  q~Si:l,,-eJ 
+ 0  t H A \ ,  < l n d  £1·~ + 0  t 4 g ,  
A P P E N D I X  1  
T h e  X - r a y  C r y s t a l  s t r u c t u r e  o f : -
p - B r o m o b e n z o a t e  o f  A p 1 y r o s e o 1 - 1  ( 5 1 )  
A p 1 y p a 1 1 i d e n o n e  ( 2 1 )  
A p 1 y p a 1 1 i d o x o n e  ( 2 2 ) .  
1 7 5  
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1 7 7  
T a b l e  1 .  P o s i  t i o n a 1  p a r a m e t e r s  f o . . . .  ( o r ; ;  0 .  
1 0
4
x  
1 0 4 y  
1 0
4
z  
B r ( l )  
- 2 3 4 5 ( 1 )  
- 2 4 9 9 ( 1 )  
- 4 6 9 ( 1 )  
C ( l )  
1 8 4 ( 1 1 )  
- 2 0 8 6 ( 4 )  
5 3 ( 8 )  
C ( 2 )  
1 3 6 0 ( 1 3 )  
- 2 3 2 4 ( 4 )  
1 0 7 0 ( 8 )  
C ( 3 )  
3 1 7 9 ( 1 3 )  
- 2 0 2 5 ( 4 )  
1 4 4 5 ( 8 )  
C ( 4 )  
3 7 8 2 ( 1 1 )  
- 1 4 9 1 ( 4 )  
8 2 4 ( 7 )  
C ( 5 )  
2 5 8 9 ( 1 2 )  
- 1 2 5 8 ( 4 )  
- 2 0 0 ( 8 )  
C ( 6 )  
7 6 3 ( 1 2 )  
- 1 5 4 9 ( 4 )  
- 5 9 6 ( 8 )  
C ( 7 )  
5 8 4 6 ( 1 3 )  
- 1 1 7 9 ( 4 )  
1 3 4 4 ( 1 0 )  
0 ( 1 )  
6 8 3 2 ( 9 )  
- 1 3 3 8 ( 3 )  
2 2 7 1 ( 6 )  
0 ( 2 )  
6 2 9 2 ( 7 )  
- 6 9 1 ( 3 )  
5 7 5 ( 5 )  
C ( 8 )  
8 1 4 1 ( 1 2 )  
- 3 4 0 ( 4 )  
1 0 2 6 ( 7 )  
0 ( 3 )  
8 6 4 3 ( 8 )  
0 ( 3 )  
- 2 1 ( 5 )  
C ( 9 )  
7 7 3 4 ( 1 0 )  
1 8 8 ( 3 )  
1 9 3 9 ( 7 )  
C ( 1 0 )  
6 8 2 5 ( 1 1 )  
7 2 5 ( 4 )  
1 0 6 6 ( 8 )  
C ( l 1 )  
7 9 2 8 ( 1 1 )  
6 3 9 ( 5 )  
- 2 4 ( 8 )  
0 ( 4 )  
8 2 4 1 ( 1 0 )  
1 0 2 9 ( 3 )  
- 7 8 8 ( 5 )  
C ( 1 2 )  
6 7 7 1 ( 1 1 )  
1 4 2 8 ( 4 )  
1 5 7 9 ( 8 )  
C ( 1 3 )  
8 6 6 2 ( 1 1 )  
1 6 1 2 ( 4 )  
2 4 2 0 ( 7 )  
C ( 1 4 )  
9 2 9 4 ( 1 0 )  
1 0 8 5 ( 3 )  
3 4 1 1 ( 6 )  
C ( 1 5 )  
9 7 2 4 ( 9 )  
3 9 7 ( 3 )  
2 8 2 1 ( 6 )  
C ( 1 6 )  
1 1 4 1 0 ( 1 0 )  
4 4 0 ( 4 )  
2 0 3 0 ( 7 )  
0 ( 5 )  
1 2 7 1 7 ( 8 )  
3 4 ( 3 )  
2 0 1 7 ( 5 )  
C ( l 7 )  
1 0 2 7 4 ( 9 )  
- 1 4 5 ( 3 )  
3 7 9 3 ( 6 )  
0 ( 6 )  
8 4 7 2 ( 7 )  
- 3 0 1 ( 2 )  
4 3 2 3 ( 4 )  
C ( 1 8 )  
8 4 3 9 ( 1 3 )  
- 9 0 8 ( 4 )  
4 8 6 1 ( 8 )  
1 7 8  
C ( 1 9 )  
6 4 2 4 ( 1 5 )  
- 1 0 1 7 ( 5 )  
5 3 0 5 ( 1 1 )  
C ( 2 0 )  
6 3 4 3 ( 1 7 )  
- 1 5 6 7 ( 6 )  
6 1 6 0 ( 1 2 )  
C ( 2 1 )  
4 4 3 1 ( 1 7 )  
- 1 7 2 1 ( 6 )  
6 5 8 5 ( 1 1 )  
0 ( 7 )  
9 7 8 7 ( 9 )  
- 1 2 9 3 ( 3 )  
4 9 5 1 ( 6 )  
C ( 2 2 )  
1 1 8 8 4 ( 1 1 )  
8 9 ( 4 )  
4 7 9 6 ( 7 )  
C ( 2 3 )  
1 1 3 5 3 ( 1 4 )  
7 3 2 ( 4 )  
5 4 0 2 ( 7 )  
C ( 2 4 )  
1 0 9 8 4 ( 1 2 )  
1 3 1 3 ( 4 )  
4 4 5 2 ( 7 )  
C ( 2 5 )  
1 2 9 1 8 ( 1 2 )  
1 4 9 8 ( 4 )  
3 8 8 3 ( 7 )  
C ( 2 6 )  
1 0 2 6 0 ( 1 4 )  
1 9 2 3 ( 4 )  
5 1 0 0 ( 8 )  
C ( 2 7 )  
1 1 6 3 6 ( 1 7 )  
2 0 9 9 ( 4 )  
6 2 7 1 ( 8 )  
C ( 2 8 )  
1 1 9 1 5 ( 1 8 )  
1 5 2 0 ( 4 )  
7 1 7 6 ( 9 )  
C ( 2 9 )  
1 2 6 8 9 ( 1 5 )  
8 8 9 ( 4 )  
6 6 2 0 ( 7 )  
C ( 3 0 )  
1 2 5 0 4 ( 1 9 )  
3 1 6 ( 5 )  
7 5 4 7 ( 8 )  
C ( 3 1 )  
1 4 9 6 6 ( 1 5 )  
9 5 5 ( 5 )  
6 5 1 8 ( 9 )  
1 7 9  
T a b l e  2 .  B o n d  L e n g t h s  ( A )  J o y - C  ' S  I )  
C ( l ) - B r ( l )  
1 .  S 9 5 ( 7 )  
C ( 2 ) - C ( 1 )  
1 .  3 6 ( 1 )  
C ( 6 ) - C ( 1 )  
1 .  3 7  ( 1 )  
C ( 3 ) - C ( 2 )  
1 .  3 6 ( 1 )  
C ( 4 ) - C ( 3 )  
1 . 3 6 ( 1 )  
C ( 5 ) - C ( 4 )  
1 .  3 7  ( 1 )  
C ( 7 ) - C ( 4 )  
1 .  5 5 ( 1 )  
C ( 6 ) - C ( 5 )  
1 . 3 6 ( 1 )  
O ( 1 ) - C ( 7 )  
1 . 1 7  ( 1 )  
O ( 2 ) - C ( 7 )  
1 .  3 5 ( 1 )  
C ( S ) - O ( 2 )  
1 . 4 5 ( 1 )  
O ( 3 ) - C ( S )  
1 . 4 2 ( 1 )  
C ( 9 ) - C ( S )  
1 .  5 1 ( 1 )  
C ( 1 l ) - O ( 3 )  
1 .  3 6  ( 1 )  
C ( 1 0 ) - C ( 9 )  
1 .  5 1 ( 1 )  
C ( 1 5 ) - C ( 9 )  
1 .  5 S ( 1 )  
C ( 1 l ) - C ( 1 0 )  1 .  5 0 ( 1 )  
C ( 1 2 ) - C ( 1 0 )  
1 .  5 2  ( 1 )  
O ( 4 ) - C ( 1 l )  
1 . 1 9  ( 1 )  
C ( 1 3 ) - C ( 1 2 )  
1 .  5 0 ( 1 )  
C ( 1 4 ) - C ( 1 3 )  
1 .  5 3 ( 1 )  
C ( 1 5 ) - C ( 1 4 )  
1 .  5 6 ( 1 )  
C ( 2 4 ) - C ( 1 4 )  
1 .  5 6 ( 1 )  
C ( 1 6 ) - C ( 1 5 )  
1 .  5 2 ( 1 )  
C ( 1 7 ) - C ( 1 5 )  
1 . 5 3 ( 1 )  
O ( 5 ) . , . C ( 1 6 )  
1 . 1 9  ( 1 )  
O ( 6 ) - C ( 1 7 )  
1 . 4 4 ( 1 )  
C ( 2 2 ) - C ( 1 7 )  
1 .  5 0 ( 1 )  
C ( 1 S ) - O ( 6 )  1 .  3 5 ( 1 )  
C ( 1 9 ) - C ( 1 S )  
1 .  5 1 ( 2 )  
O ( 7 ) - C ( 1 S )  
1 . 1 S ( 2 )  
C ( 2 0 ) - C ( 1 9 )  
1 .  4 5  ( 2 )  
C ( 2 1 ) - C ( 2 0 )  
1 . 4 5 ( 2 )  
C ( 2 3 ) - C ( 2 2 )  
1 .  5 1 ( 2 )  
C ( 2 4 ) - C ( 2 3 )  
1 . 5 6 ( 2 )  
C ( 2 9 ) - C ( 2 3 )  
1 .  5 3  ( 1 )  
C ( 2 5 ) - C ( 2 4 )  
1 .  5 5  ( 1 )  
C ( 2 6 ) - C ( 2 4 )  
1 .  5 3 ( 1 )  
C ( 2 7 ) - C ( 2 6 )  
1 .  5 1 ( 1 )  
C ( 2 S ) - C ( 2 7 )  
1 . 5 2 ( 1 )  
C ( 2 9 ) - C ( 2 S )  1 .  5 2 ( 1 )  
C ( 3 0 ) - C ( 2 9 )  
1 . 5 5 ( 1 )  
C ( 3 1 ) - C ( 2 9 )  
1 .  5 4 ( 2 )  
1 8 0  
T a b l e  3 .  B o n d  a n g l e s  ( ' )  J o  . . . . . .  ( S " I )  
C ( 2 ) - C ( 1 ) - B r ( 1 )  
1 1 8 . 9 ( 6 )  
C ( 6 ) - C ( 1 ) - B r ( 1 )  
1 1 9 . 2 ( 6 )  
C ( 6 ) - C ( 1 ) - C ( 2 )  
1 2 2 . 0 ( 7 )  
C ( 3 ) - C ( 2 ) - C ( 1 )  
1 1 8 . 8 ( 8 )  
C ( 4 ) - C ( 3 ) - C ( 2 )  
1 2 0 . 5 ( 8 )  
C ( 5 ) - C ( 4 ) - C ( 3 )  
1 2 0 . 2 ( 7 )  
C ( 7 ) - C ( 4 ) - C ( 3 )  
1 1 6 . 3 ( 8 )  
C ( 7 ) - C ( 4 ) - C ( 5 )  
1 2 3 . 4 ( 7 )  
C ( 6 ) - C ( 5 ) - C ( 4 )  
1 2 0 . 4 ( 8 )  
C ( 5 ) - C ( 6 ) - C ( 1 )  
1 1 8 . 2 ( 8 )  
O ( 1 ) - C ( 7 ) - C ( 4 )  
1 2 4 . 8 ( 8 )  
0 ( 2 ) - C ( 7 ) - C ( 4 )  
1 0 8 . 9 ( 8 )  
0 ( 2 ) - C ( 7 ) - 0 ( 1 )  
1 2 6 . 2 ( 7 )  
C ( 8 ) - 0 ( 2 ) - C ( 7 )  
1 1 3 . 0 ( 6 )  
0 ( 3 ) - C ( 8 ) - 0 ( 2 )  
1 0 4 . 1 ( 6 )  
C ( 9 ) - C ( 8 ) - 0 ( 2 )  
1 1 0 . 2 ( 6 )  
C ( 9 ) - C ( 8 ) - 0 ( 3 )  
1 0 6 . 6 ( 6 )  
C ( 1 1 ) - D ( 3 ) - C ( 8 )  
1 0 9 . 3 ( 6 )  
C ( 1 O ) - C ( 9 ) - C ( 8 )  
9 9 . 9 ( 6 )  
C ( 1 5 ) - C ( 9 ) - C ( 8 )  
1 1 2 . 2 ( 5 )  
C ( 1 5 ) - C ( 9 ) - C ( 1 0 )  
1 1 5 . 3 ( 6 )  
C ( 1 1 ) - C ( 1 0 ) - C ( 9 )  
1 0 3 . 1 ( 6 )  
C ( 1 2 ) - C ( 1 0 ) - C ( 9 )  
1 1 6 . 9 ( 7 )  
C ( 1 2 ) - C ( 1 0 ) - C ( 1 1 )  
1 1 6 . 2 ( 7 )  
C ( 1 0 ) - C ( 1 1 ) - 0 ( 3 )  
1 0 8 . 4 ( 7 )  
0 ( 4 ) - C ( 1 1 ) - D ( 3 )  
1 2 1 .  5 ( 8 )  
0 ( 4 ) - C ( 1 1 ) - C ( 1 0 )  
1 3 0 . 0 ( 9 )  
C ( 1 3 ) - C ( 1 2 ) - C ( 1 0 )  
1 1 3 . 3 ( 6 )  
C ( 1 4 ) - C ( 1 3 ) - C ( 1 2 )  
1 1 3 . 0 ( 6 )  
C ( 1 5 ) - C ( 1 4 ) - C ( 1 3 )  
1 1 1 .  2 ( 5 )  
C ( 2 4 ) - C ( 1 4 ) - C ( 1 3 )  
1 1 4 . 7 ( 6 )  
C ( 2 4 ) - C ( 1 4 ) - C ( 1 5 )  
1 1 4 . 0 ( 5 )  
C ( 1 4 ) - C ( 1 5 ) - C ( 9 )  
1 0 7 . 4 ( 5 )  
C ( 1 6 ) - C ( 1 5 ) - C ( 9 )  
1 0 6 . 8 ( 5 )  
C ( 1 6 ) - C ( 1 5 ) - C ( 1 4 )  
1 1 2 . 4 ( 5 )  
C ( 1 7 ) - C ( 1 5 ) - C ( 9 )  
1 0 9 . 6 ( 5 )  
C ( 1 7 ) - C ( 1 5 ) - C ( 1 4 )  
1 1 2 . 1 ( 5 )  
C ( 1 7 ) - C ( 1 5 ) - C ( 1 6 )  
1 0 8 . 3 ( 6 )  
0 ( 5 ) - C ( 1 6 ) - C ( 1 5 )  
1 2 4 . 7 ( 7 )  
0 ( 6 ) - C ( 1 7 ) - C ( 1 5 )  
1 0 7 . 7 ( 5 )  
C ( 2 2 ) - C ( 1 7 ) - C ( 1 5 )  
1 1 1 . 4 ( 6 )  
C ( 2 2 ) - C ( 1 7 ) - 0 ( 6 )  
1 0 8 . 8 ( 6 )  
C ( l S ) - 0 ( 6 ) - C ( 1 7 )  
1 1 5 . 9 ( 6 )  
C ( 1 9 ) - C ( l S ) - 0 ( 6 )  
1 0 9 . 9 ( 7 )  
0 ( 7 ) - C ( l S ) - 0 ( 6 )  
1 2 4 . 5 ( 8 )  
0 ( 7 ) - C ( l S ) - C ( 1 9 )  .  
1 2 5 . 6 ( S )  
C ( 2 0 ) - C ( 1 9 ) - C ( 1 8 )  
1 1 5 . 7 ( 8 )  
C ( 2 1 ) - C ( 2 0 ) - C ( 1 9 )  
l 1 S . 9 ( 9 )  
C ( 2 3 ) - C ( 2 2 ) - C ( 1 7 )  
1 1 3 . 6 ( 6 )  
C ( 2 4 ) - C ( 2 3 ) - C ( 2 2 )  
1 1 1 . 4 ( 6 )  
C ( 2 9 ) - C ( 2 3 ) - C ( 2 2 )  
. .  1 1 4 . 5 ( 7 )  
C ( 2 9 ) - C ( 2 3 ) - C ( 2 4 )  
1 1 6 . 7 ( 6 )  
C ( 2 3 ) - C ( 2 4 ) - C ( 1 4 )  
1 0 7 . 6 ( 6 )  
C ( 2 5 ) - C ( 2 4 ) - C ( 1 4 )  
1 0 9 . 3 ( 6 )  
l S l  
C ( 2 5 ) - C ( 2 4 ) - C ( 2 3 )  
1 1 2 . 6 ( 6 )  
C ( 2 6 ) - C ( 2 4 ) - C ( 1 4 )  
1 0 9 . 5 ( 6 )  
C ( 2 6 ) - C ( 2 4 ) - C ( 2 3 )  
1 0 S . 4 ( 6 )  
C ( 2 6 ) - C ( 2 4 ) - C ( 2 5 )  
1 0 9 . 3 ( 6 )  
C ( 2 7 ) - C ( 2 6 ) - C ( 2 4 )  
1 1 2 . 9 ( 7 )  
C ( 2 8 ) - C ( 2 7 ) - C ( 2 6 )  
1 1 2 . 4 ( S )  
C ( 2 9 ) - C ( 2 S ) - C ( 2 7 )  
1 1 2 . S ( 7 )  
C ( 2 S ) - C ( 2 9 ) - C ( 2 3 )  
1 0 9 . 4 ( 8 )  
C ( 3 0 ) - C ( 2 9 ) - C ( 2 3 )  
1 0 9 . 3 ( 7 )  
C ( 3 0 ) - C ( 2 9 ) - C ( 2 8 )  
1 0 6 . 8 ( 7 )  
C ( 3 1 ) - C ( 2 9 ) - C ( 2 3 )  
1 1 4 . 3 ( 7 )  
C ( 3 1 ) - C ( 2 9 ) - C ( 2 8 )  
1 1 0 . 5 ( 8 )  
C ( 3 1 ) - C ( 2 9 ) - C ( 3 0 )  
1 0 6 . 3 ( 9 )  
1 8 2  
T a b l e  S 2 .  T h e r m a l  p a r a m e t e r s  ( x 1 0 ' )  J g Y ( S I )  
U
1 1  
U
2 2  U "  
U
2
,  
U ,  ,  
U ,  2  
B r ( l )  
4 4 ( 1 )  
8 1 ( 1 )  
9 5 ( 1 )  
- 3 2 ( 1 )  
1 7 ( 1 )  
- 1 9 ( 1 )  
C ( l )  
3 1 ( 1 )  
5 4 ( 1 )  
6 2 ( 1 )  
- 2 6 ( 1 )  
1 0 ( 1 )  
- 4 ( 1 )  
C ( 2 )  
6 2 ( 1 )  
6 1 ( 1 )  
8 1 ( 1 )  
3 ( 1 )  
1 1 ( 1 )  
- 2 1 ( 1 )  
C ( 3 )  
6 1 ( 1 )  
6 2 ( 1 )  
7 3 ( 1 )  
1 1 ( 1 )  
- 1 0 ( 1 )  
- 9 ( 1 )  
C ( 4 )  
4 1 ( 1 )  
3 9 ( 1 )  
5 3 ( 1 )  
- 6 ( 1 )  
1 2 ( 1 )  
- 1 7  ( 1 )  
C ( 5 )  
5 2 ( 1 )  
6 1 ( 1 )  
5 8 ( 1 )  
1 2 ( 1 )  
2 ( 1 )  
- 1 6 ( 1 )  
C ( 6 )  
5 3 ( 1 )  
5 8 ( 1 )  
7 1 ( 1 )  
- 1 0 ( 1 )  
5 ( 1 )  
- 1 7 ( 1 )  
C ( 7 )  
4 1 ( 1 )  
4 3 ( 1 )  
8 8 ( 1 )  
- 1 5 ( 1 )  
9 ( 1 )  
- 1 3 ( 1 )  
0 ( 1 )  
5 8 ( 1 )  
7 1 ( 1 )  
8 0 ( 1 )  
2 2 ( 1 )  
- 2 8 ( 1 )  
- 1 0 ( 1 )  
0 ( 2 )  
4 4 ( 1 )  
5 3 ( 1 )  
5 7 ( 1 )  
2 ( 1 )  
0 ( 1 )  
- 2 3 ( 1 )  
C ( 8 )  
3 9 ( 1 )  
4 9 ( 1 )  
5 6 ( 1 )  
~1(1) - 3 ( 1 )  
- 1 0 ( 1 )  
0 ( 3 )  
5 1 ( 1 )  
6 4 ( 1 )  
4 7 ( 1 )  
- 6 ( 1 )  
1 4 ( 1 )  
- 1 3 ( 1 )  
C ( 9 )  
3 1 ( 1 )  
3 8 ( 1 )  
4 6 ( 1 )  
0 ( 1 )  
1 0 ( 1 )  
- 5 ( 1 )  
C ( 1 0 )  
3 0 ( 1 )  
5 7 ( 1 )  
6 4 ( 1 )  
1 7 ( 1 )  
5 ( 1 )  
0 ( 1 )  
C ( 1 1 )  
4 0 ( 1 )  
6 6 ( 1 )  
4 6 ( 1 )  
0 ( 1 )  
- 2 ( 1 )  
- 1 2 ( 1 )  
0 ( 4 )  
7 6 ( 1 )  
9 2 ( 1 )  
5 6 ( 1 )  
2 4 ( 1 )  
1 4 ( 1 )  
- 2 2 ( 1 )  
C ( 1 2 )  
3 8 ( 1 )  
6 5 ( 1 )  
7 1 ( 1 )  
1 3 ( 1 )  
1 8 ( 1 )  
7 ( 1 )  
C ( 1 3 )  
4 8 ( 1 )  
3 7 ( 1 )  
5 6 ( 1 )  
6 ( 1 )  
2 1 ( 1 )  
5 ( 1 )  
C ( 1 4 )  
3 5 ( 1 )  
3 5 ( 1 )  
4 9 ( 1 )  
2 ( 1 )  
2 0 ( 1 )  
3 ( 1 )  
C ( 1 5 )  
2 4 ( 1 )  
3 3 ( 1 )  
4 3 ( 1 )  
- 1 ( 1 )  
8 ( 1 )  
- 7 ( 1 )  
C ( 1 6 )  
3 2 ( 1 )  
4 9 ( 1 )  
5 3 ( 1 )  
- 1 0 ( 1 )  
1 ( 1 )  
- 4 ( 1 )  
-
0 ( 5 )  
3 7 ( 1 )  
6 4 ( 1 )  
7 3 ( 1 )  
- 7 ( 1 )  
1 9 ( 1 )  
6 ( 1 )  
C ( 1 7 )  
2 6 ( 1 )  
3 4 ( 1 )  
5 4 ( 1 )  
0 ( 1 )  
1 6 ( 1 )  
2 ( 1 )  
0 ( 6 )  
3 9 ( 1 )  
3 1 ( 1 )  
5 4 ( 1 )  
1 2 ( 1 )  
1 1 ( 1 )  
2 ( 1 )  
C ( 1 8 )  
4 1 ( 1 )  
4 2 ( 1 )  
5 8 ( 1 )  
1 3 ( 1 )  
0 ( 1 )  
0 ( 1 )  
C ( 1 9 )  
C ( 2 0 )  
C ( 2 1 )  
0 ( 7 )  
C ( 2 2 )  
C ( 2 3 )  
C ( 2 4 )  
C ( 2 5 )  
C ( 2 6 )  
C ( 2 7 )  
C ( 2 8 )  
C ( 2 9 )  
C ( 3 0 )  
C ( 3 1 )  
5 4 ( 1 )  
7 5 ( 1 )  
8 5 ( 1 )  
5 1 ( 1 )  
4 2 ( 1 )  
4 9 ( 1 )  
5 3 ( 1 )  
5 0 ( 1 )  
7 6 ( 1 )  
1 2 4 ( 1 )  
1 1 6 ( 1 )  
9 0 ( 1 )  
1 2 7 ( 1 )  
9 1 ( 1 )  
9 7 ( 1 )  
1 1 9 ( 1 )  
1 1 0 ( 1 )  
4 7 ( 1 )  
4 6 ( 1 )  
4 4 ( 1 )  
3 8 ( 1 )  
5 5 ( 1 )  
4 2 ( 1 )  
5 5 ( 1 )  
6 6 ( 1 )  
6 8 ( 1 )  
1 0 1 ( 1 )  
9 9 ( 1 )  
1 2 9 ( 1 )  
1 4 2 ( 1 )  
1 3 8 ( 1 )  
1 1 0 ( 1 )  
5 1 ( 1 )  
4 8 ( 1 )  
4 1 ( 1 )  
4 5 ( 1 )  
6 7 ( 1 )  
6 4 ( 1 )  
6 3 ( 1 )  
3 9 ( 1 )  
4 7 ( 1 )  
5 8 ( 1 )  
6 5 ( 1 )  
7 6 ( 1 )  
5 6 ( 1 )  
2 7 ( 1 )  
3 ( 1 )  
2 ( 1 )  
- 1 ( 1 )  
0 ( 1 )  
- 1 1 ( 1 )  
- 2 6 ( 1 )  
- 9 ( 1 )  
- 1 ( 1 )  
- 9 ( 1 )  
- 1 3 ( 1 )  
3 2 ( 1 )  
4 6 ( 1 )  
4 0 ( 1 )  
6 ( 1 )  
7 ( 1 )  
1 5 ( 1 )  
2 1 ( 1 )  
1 3 ( 1 )  
2 9 ( 1 )  
3 8 ( 1 )  
2 8 ( 1 )  
5 ( 1 )  
0 ( 1 )  
- 1 7 ( 1 )  
8 ( 1 )  
1 5 ( 1 )  
3 ( 1 )  
1 0 ( 1 )  
- 4 ( 1 )  
1 8 3  
- 8 ( 1 )  
- 2 ( 1 )  
- 1 3 ( 1 )  
- 8 ( 1 )  
- 1 9 ( 1 )  
- 1 3 ( 1 )  
- 1 6 ( 1 )  
- 1 2 ( 1 )  
- 1 3 ( 1 )  
1 8 4  
T a b l e  S 3 .  H y d r o g e n  a t o m  p o s i t i o n a 1  ( x 1 0
3
)  a n d  t h e r m a l  ( x 1 0 2 )  p a r a m e t e r s  ~~J 
x  
y  
z  
u ,  ,  
H ( 2 )  
9 l ( 1 )  
- 2 6 9 ( 1 )  
1 5 2 ( 1 )  
5 ( 1 )  
H ( 3 )  
4 0 5 ( 1 )  
- 2 1 9 ( 1 )  
2 1 6 ( 1 )  
5 ( 1 )  
H ( 4 )  
5 0 6 ( 1 )  
- 1 2 6 ( 1 )  
1 1 1 ( 1 )  
5 ( 1 )  
H ( 5 )  
3 0 4 ( 1 )  
- 8 7 ( 1 )  
- 6 4 ( 1 )  
5 ( 1 )  
H ( 8 )  
9 1 8 ( 1 )  
- 6 3 ( 1 )  
1 4 1 ( 1 )  
6 ( 1 )  
H ( 9 )  
6 8 6 ( 1 )  
6 ( 1 )  
2 5 3 ( 1 )  
5 ( 1 )  
H ( 1 0 )  
5 3 7 ( 1 )  
6 7 ( 1 )  
8 6 ( 1 )  
6 ( 1 )  
H ( 1 2 A )  
5 6 3 ( 1 )  
1 4 6 ( 1 )  
2 0 4 ( 1 )  
7 ( 1 )  
H ( 1 2 B )  
6 5 9 ( 1 )  
1 7 4 ( 1 )  
9 0 ( 1 )  
8 ( 1 )  
H ( 1 3 A )  
9 7 5 ( 1 )  
1 6 7 ( 1 )  
1 9 3 ( 1 )  
4 ( 1 )  
H ( 1 3 B )  
8 4 3 ( 1 )  
2 0 3 ( 1 )  
2 8 2 ( 1 )  
3 ( 1 )  
H ( 1 4 )  
8 1 4 ( 1 )  
1 0 2 ( 1 )  
3 8 4 ( 1 )  
3 ( 1 )  
H ( 1 6 )  
1 1 4 3 ( 1 )  
8 2 ( 1 )  
1 5 0 ( 1 )  
4 ( 1 )  
H ( 1 7 )  
1 0 7 9 ( 1 )  
- 5 2 ( 1 )  
3 4 1 ( 1 )  
4 ( 1 )  
H ( 1 9 A )  
5 4 2 ( 1 )  
- 1 0 9 ( 1 )  
4 5 9 ( 1 )  
2 4 ( 1 )  
H ( 1 9 B )  
6 0 8 ( 1 )  
- 6 0 ( 1 )  
5 7 1 ( 1 )  
2 4 ( 1 )  
H ( 2 0 A )  
7 3 1 ( 2 )  
- 1 4 6 ( 1 )  
6 8 8 ( 1 )  
2 2 ( 1 )  
H ( 2 0 B )  
6 7 6 ( 2 )  
- 1 9 6 ( 1 )  
5 7 6 ( 1 )  
2 2 ( 1 )  
H ( 2 1 A )  
4 6 1 ( 2 )  
- 2 0 9 ( 1 )  
7 1 5 ( 1 )  
3 0 ( 1 )  
H ( 2 1 B )  
3 4 3 ( 2 )  
- 1 8 2 ( 1 )  
5 8 9 ( 1 )  
3 0 ( 1 )  
H ( 2 1 C )  
3 9 8 ( 2 )  
- 1 3 3 ( 1 )  
7 0 1 ( 1 )  
3 0 ( 1 )  
H ( 2 2 A )  
1 2 1 0 ( 1 )  
- 2 5 ( 1 )  
5 4 2 ( 1 )  
7 ( 1 )  
H ( 2 2 B )  
1 3 1 3 ( 1 )  
1 6 ( 1 )  
4 4 5 ( 1 )  
4 ( 1 )  
H ( 2 3 )  
1 0 0 5 ( 1 )  
6 7 ( 1 )  
5 6 8 ( 1 )  
6 ( 1 )  
H ( 2 5 A )  
1 3 3 8 ( 1 )  
1 1 1 ( 1 )  
3 4 7 ( 1 )  
8 ( 1 )  
1 8 5  
H ( 2 5 B )  
1 3 9 7 ( 1 )  
1 6 4 ( 1 )  
4 5 3 ( 1 )  
8 ( 1 )  
H ( 2 5 C )  
1 2 6 1 ( 1 )  
1 8 6 ( 1 )  
3 2 9 ( 1 )  
8 ( 1 )  
H ( 2 6 A )  
8 9 2 ( 1 )  
1 8 3 ( 1 )  
5 3 0 ( 1 )  
7 ( 1 )  
H ( 2 6 B )  
1 0 2 0 ( 1 )  
2 3 0 ( 1 )  
4 5 4 ( 1 )  
8 ( 1 )  
.  H ( 2 7 A )  
1 2 9 5 ( 2 )  
2 2 3 ( 1 )  
6 0 6 ( 1 )  
1 0 ( 1 )  
H ( 2 7 B )  
1 1 0 5 ( 2 )  
2 4 7 ( 1 )  
6 6 6 ( 1 )  
9 ( 1 )  
H ( 2 8 A )  
1 2 8 8 ( 2 )  
1 6 5 ( 1 )  
7 8 8 ( 1 )  
1 1 ( 1 )  
H ( 2 8 B )  
1 0 6 2 ( 2 )  
1 4 2 ( 1 )  
7 4 4 ( 1 )  
3 ( 1 )  
H ( 3 0 A )  
1 2 9 8 ( 2 )  
- 9 ( 1 )  
7 2 3 ( 1 )  
7 ( 1 )  
H ( 3 0 B )  
1 1 1 0 ( 2 )  
2 6 ( 1 )  
7 6 6 ( 1 )  
7 ( 1 )  
H ( 3 0 C )  
1 3 3 1 ( 2 )  
4 2 ( 1 )  
8 3 3 ( 1 )  
7 ( 1 )  
H ( 3 I A )  
1 5 1 6 ( 2 )  
1 3 1 ( 1 )  
5 9 5 ( 1 )  
1 1 ( 1 )  
H ( 3 1 B )  
1 5 4 6 ( 2 )  
5 4 ( 1 )  
6 2 2 ( 1 )  
1 1 ( 1 )  
H ( 3 1 C )  
1 5 7 1 ( 2 )  
1 0 6 ( 1 )  
7 3 2 ( 1 )  
1 1 ( 1 )  
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O-CH3 
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T a b l e  1 .  P o s i t i o n a 1  p a r a m e t e r s  ( x 1 0  )  f o r  A p 1 y p a 1 1 i d e n o n e  C 2 2  H 3 0  0 5  (l.~ 
0 ( 1 )  
8 7 7 5 ( 3 )  
1 4 1 8 ( 2 )  
4 1 2 0 ( 1 )  
0 ( 2 )  
6 0 6 3 ( 3 )  
8 5 1 ( 3 )  
3 9 4 3 ( 2 )  
0 ( 3 )  
6 4 3 7 ( 6 )  
5 6 9 9 ( 6 )  
4 6 7 7 ( 2 )  
0 ( 4 )  
8 8 0 8 ( 4 )  
5 8 0 4 ( 3 )  
5 1 1 4 ( 1 )  
0 ( 5 )  
1 1 2 3 7 ( 4 )  
5 6 8 0 ( 2 )  
4 2 5 7 ( 1 )  
C ( l )  
8 5 3 0 ( 4 )  
2 5 6 5 ( 3 )  
3 8 2 2 ( 1 )  
C ( 2 )  
7 8 5 0 ( 4 )  
3 5 0 9 ( 3 )  
4 2 0 3 ( 1 )  
C ( 3 )  
8 7 4 0 ( 4 )  
4 4 7 4 ( 3 )  
4 3 8 1 ( 1 )  
C ( 4 )  
1 0 5 6 8 ( 4 )  
4 6 6 7 ( 3 )  
4 2 0 4 ( 1 )  
C ( 5 )  
1 1 5 2 2 ( 4 )  
3 5 7 9 ( 3 )  
3 9 4 7 ( 1 )  
C ( 6 )  
1 0 2 0 5 ( 3 )  
2 9 9 0 ( 2 )  
3 5 4 8 ( 1 )  
C ( 7 )  
1 0 9 4 1 ( 4 )  
2 0 9 9 ( 3 )  
3 1 0 7 ( 1 )  
C ( 8 )  
9 5 0 6 ( 6 )  
1 8 6 8 ( 4 )  
2 6 9 7 ( 2 )  
C ( 9 )  
1 0 1 4 1 ( 9 )  
1 3 1 1 ( 6 )  
2 1 7 0 ( 2 )  
C ( 1 0 )  
1 1 5 0 1 ( 7 )  
2 1 1 2 ( 5 )  
1 9 1 3 ( 1 )  
C ( 1 1 )  
1 3 0 6 5 ( 6 )  
2 3 4 2 ( 3 )  
2 2 7 1 ( 1 )  
C ( 1 2 )  
1 2 4 0 2 ( 4 )  
2 8 5 1 ( 2 )  
2 8 2 0 ( 1 )  
C ( 1 3 )  
1 3 8 0 9 ( 4 )  
3 2 0 1 ( 3 )  
3 2 2 4 ( 1 )  
C ( 1 4 )  
1 3 0 8 6 ( 4 )  
4 0 9 1 ( 3 )  
3 6 3 9 ( 1 )  
C ( 1 5 )  
7 4 4 2 ( 4 )  
6 2 5 ( 3 )  
4 1 3 6 ( 1 )  
C ( 1 6 )  
7 9 2 0 ( 6 )  
- 5 3 7 ( 3 )  
4 4 1 3 ( 2 )  
C ( 1 7 )  
7 8 7 3 ( 5 )  
5 3 8 7 ( 4 )  
4 7 3 6 ( 1 )  
C ( 1 8 )  
8 0 9 5 ( 1 0 )  
6 6 9 8 ( 7 )  
5 4 8 0 ( 2 )  
C ( 1 9 )  
1 2 1 1 9 ( 5 )  
2 7 4 6 ( 3 )  
4 4 1 6 ( 1 )  
C ( 2 0 )  
1 1 6 0 6 ( 6 )  
8 5 7 ( 3 )  
3 3 3 8 ( 2 )  
C ( 2 1 )  
1 4 2 0 1 ( 8 )  
l 1 A 7 ( 5 )  
2 3 2 4 ( 3 )  
C ( 2 2 )  
1 4 1 5 5 ( 8 )  
3 3 2 5 ( 4 )  
1 9 9 5 ( 2 )  
1 8 8  
T a b l e  2 .  B o n d  l e n g t h s  ( X )  f o r  A p l y p a l l i d e n o n e  C 2 2  H 3 0  0 5  ( l l )  
C ( l ) - O ( l )  
1 .  4 5 9  ( 3 )  
C ( 1 5 ) - O ( 1 )  
1 .  3 4 2 ( 4 )  
C ( 1 5 ) - O ( 2 )  
1 . 1 9 5 ( 4 )  
C ( 1 7 ) - O ( 3 )  
1 . 1 6 9 ( 5 )  
C ( 1 7 ) - O ( 4 )  
1 .  2 7 0 ( 4 )  
C ( 1 8 ) - O ( 4 )  
1 . 4 3 9 ( 5 )  
C ( 4 ) - O ( 5 )  
1 .  2 2 0 ( 4 )  
C ( 2 ) - C ( 1 )  
1 . 4 9 1 ( 4 )  
C ( 6 ) - C ( 1 )  
1 .  5 3 4 ( 4 )  
C ( 3 ) - C ( 2 )  
1 . 3 2 7 ( 4 )  
C ( 4 ) - C ( 3 )  
1 . 4 9 4 ( 4 )  
C ( 1 7 ) - C ( 3 )  
1 . 4 8 6 ( 4 )  
C ( 5 ) - C ( 4 )  
1 .  5 3 1 ( 4 )  
C ( 6 ) - C ( 5 )  
1 . 5 5 9 ( 4 )  
C ( 1 4 ) - C ( 5 )  
1 .  5 3 5 ( 4 )  
C ( 1 9 ) - C ( 5 )  
1 .  5 4 6 ( 4 )  
C ( 7 ) - C ( 6 )  
1 .  5 6 9 ( 4 )  
C ( 8 ) - C ( 7 )  
1 . 5 2 8 ( 5 )  
C ( 1 2 ) - C ( 7 )  
1 .  5 6 5 ( 4 )  
C ( 2 0 ) - C ( 7 )  
1 .  5 5 0 ( 4 )  
C ( 9 ) - C ( 8 )  
1 . 5 2 5 ( 6 )  
C ( 1 0 ) - C ( 9 )  
1 .  5 0 6 ( 7 )  
C ( 1 l ) - C ( 1 0 )  
1 .  5 2 2 ( 6 )  
C ( 1 2 ) - C ( 1 l )  
1 . 5 5 7 ( 4 )  
C ( 2 1 ) - C ( 1 l )  
1 .  5 3 5 ( 6 )  
C ( 2 2 ) - C ( 1 l )  
1 .  5 2 3 ( 5 )  
C ( 1 3 ) - C ( 1 2 )  
1 .  5 3 0 ( 4 )  
C ( 1 4 ) - C ( 1 3 )  
1 . 5 1 8 ( 4 )  
C ( 1 6 ) - C ( 1 5 )  
1 . 4 8 3 ( 5 )  
1 8 9  
T a b l e  3 .  B o n d  a n g l e s  ( 0 )  f o r  A p 1 y p a 1 1 i d e n o n e  C 2 2  H 3 0  O S  ( . l . ! )  
C ( l S ) - O ( l ) - C ( l )  
1 1 7 . S ( 2 )  
C ( 1 8 ) - 0 ( 4 ) - C ( 1 7 )  
1 1 9 . 4 ( 4 )  
C ( 2 ) - C ( 1 ) - 0 ( 1 )  
1 0 7 . 9 ( 2 )  
C ( 6 ) - C ( 1 ) - 0 ( 1 )  
1 1 1 .  9  ( 2 )  
C ( 6 ) - C ( 1 ) - C ( 2 )  
1 1 2 . 0 ( 2 )  
C ( 3 ) - C ( 2 ) - C ( 1 )  
1 2 4 . 7 ( 3 )  
C ( 4 ) - C ( 3 ) - C ( 2 )  
1 2 0 . 2 ( 3 )  
C ( 1 7 ) - C ( 3 ) - C ( 2 )  
1 1 9 . 3 ( 3 )  
C ( 1 7 ) - C ( 3 ) - C ( 4 )  
1 2 0 . S ( 3 )  
C ( 3 ) - C ( 4 ) - 0 ( S )  
1 1 9 . 7 ( 3 )  
C ( S ) - C ( 4 ) - 0 ( S )  
1 2 2 . 2 ( 3 )  
C ( S ) - C ( 4 ) - C ( 3 )  
1 1 8 . 1 ( 2 )  
C ( 6 ) - C ( S ) - C ( 4 )  
1 0 S . S ( 2 )  
C ( 1 4 ) - C ( S ) - C ( 4 )  
1 0 8 . 1 ( 2 )  
C ( 1 4 ) - C ( S ) - C ( 6 )  
1 1 0 . 1 ( 2 )  
C ( 1 9 ) - C ( S ) - C ( 4 )  
1 0 6 . 1 ( 2 )  
C ( 1 9 ) - C ( S ) - C ( 6 )  
l 1 S . 9 ( 2 )  
C ( 1 9 ) - C ( S ) - C ( 1 4 )  
1 1 0 . 7 ( 2 )  
C ( S ) - C ( 6 ) - C ( 1 )  
1 1 3 . 0 ( 2 )  
C ( 7 ) - C ( 6 ) - C ( 1 )  
l 1 S . 6 ( 2 )  
C ( 7 ) - C ( 6 ) - C ( S )  
1 1 7 . 4 ( 2 )  
C ( 8 ) - C ( 7 ) - C ( 6 )  
1 0 7 . 7 ( 3 )  
C ( 1 2 ) - C ( 7 ) - C ( 6 )  
1 0 S . 1 ( 2 )  
C ( 1 2 ) - C ( 7 ) - C ( S )  
1 0 7 . 7 ( 2 )  
C ( 2 0 ) - C ( 7 ) - C ( 6 )  
1 1 3 . 3 ( 2 )  
C  ( 2 0 )  - C  ( 7 )  - C  ( 8 )  
1 1 0 . 2 ( 3 )  
C ( 2 0 ) - C ( 7 ) - C ( 1 2 )  
1 1 2 . S ( 3 )  
C ( 9 ) - C ( 8 ) - C ( 7 )  
1 1 3 . 9 ( 4 )  
C ( 1 0 ) - C ( 9 ) - C ( S )  
1 1 1 .  2 ( 4 )  
C ( 1 1 ) - C ( 1 0 ) - C ( 9 )  
1 1 3 . 6 ( 4 )  
C ( 1 2 ) - C ( 1 1 ) - C ( 1 0 )  
1 0 8 . 1 ( 3 )  
C ( 2 1 ) - C ( 1 1 ) - C ( 1 0 )  
1 1 1 . S ( 4 )  
C ( 2 1 ) - C ( 1 1 ) - C ( 1 2 )  
1 1 3 . 7 ( 3 )  
C ( 2 2 ) - C ( 1 1 ) - C ( 1 0 )  
1 0 6 . 7 ( 3 )  
C ( 2 2 ) - C ( 1 1 ) - C ( 1 2 )  
1 0 9 . 3 ( 3 )  
C ( 2 2 ) - C ( 1 1 ) - C ( 2 1 )  
1 0 7 . 0 ( 4 )  
C ( 1 1 ) - C ( 1 2 ) - C ( 7 )  
1 1 6 . 9 ( 2 )  
C ( 1 3 ) - C ( 1 2 ) - C ( 7 )  
1 1 0 . 0 ( 2 )  
C ( 1 3 ) - C ( 1 2 ) - C ( 1 1 )  
l 1 S . S ( 3 )  
C ( 1 4 ) - C ( 1 3 ) - C ( 1 2 )  
1 1 0 . 1 ( 2 )  
C ( 1 3 ) - C ( 1 4 ) - C ( S )  
1 1 3 . 6 ( 2 )  
0 ( 2 ) - C ( l S ) - 0 ( 1 )  
1 2 2 . 7 ( 3 )  
C ( 1 6 ) - C ( l S ) - 0 ( 1 )  
1 1 1 .  6 ( 3 )  
C ( 1 6 ) - C ( l S ) - 0 ( 2 )  
1 2 S . 7 ( 3 )  
0 ( 4 ) - C ( 1 7 ) - 0 ( 3 )  
1 2 2 . 0 ( 4 )  
C ( 3 ) - C ( 1 7 ) - 0 ( 3 )  
1 2 3 . 1 ( 4 )  
C ( 3 ) - C ( 1 7 ) - 0 ( 4 )  
1 1 4 . 9 ( 3 )  
1 9 0  
T a b l e  S 2 .  T h e r m a l  p a r a m e t e r s  (x10~) f o r  A p 1 y p a 1 1 i d e n o n e  C 2 2  H 3 0  0 5  ( 1 . 1 )  
0 ( 1 )  
4 8 ( 1 )  
5 0 ( 1 )  
6 1 ( 1 )  
1 2 ( 1 )  
- 3 ( 1 )  
- 6 ( 1 )  
0 ( 2 )  
5 7 ( 1 )  
8 3 ( 1 )  
1 5 0 ( 1 )  
4 1 ( 1 )  
- 2 6 ( 1 )  
- 2 4 ( 1 )  
0 ( 3 )  
9 5 ( 1 )  
2 9 1 ( 1 )  
2 0 9 ( 1 )  
- 1 6 8 ( 1 )  
- 4 5 ( 1 )  
8 4 ( 1 )  
0 ( 4 )  
8 3 ( 1 )  
1 2 4 ( 1 )  
8 1 ( 1 )  
- 4 5 ( 1 )  
- 1 3 ( 1 )  
3 8 ( 1 )  
0 ( 5 )  
7 6 ( 1 )  
6 4 ( 1 )  
9 3 ( 1 )  
- 2 6 ( 1 )  
1 8 ( 1 )  
- 1 8 ( 1 )  
C ( l )  
4 0 ( 1 )  
4 5 ( 1 )  
5 1 ( 1 )  
6 ( 1 )  
- 3 ( 1 )  
- 1 ( 1 )  
C ( 2 )  
4 1 ( 1 )  
5 8 ( 1 )  
6 1 ( 1 )  
7 ( 1 )  
3 ( 1 )  
3 ( 1 )  
C ( 3 )  
5 4 ( 1 )  
5 6 ( 1 )  
5 0 ( 1 )  
0 ( 1 )  
1 ( 1 )  
3 ( 1 )  
C ( 4 )  
5 1 ( 1 )  
5 1 ( 1 )  
4 3 ( 1 )  
- 3 ( 1 )  
- 4 ( 1 )  
- 2 ( 1 )  
C ( 5 )  
4 2 ( 1 )  
4 9 ( 1 )  
4 5 ( 1 )  
4 ( 1 )  
- 4 ( 1 )  
- 1 ( 1 )  
C ( 6 )  
4 2 ( 1 )  
3 6 ( 1 )  
4 4 ( 1 )  
2 ( 1 )  
- 2 ( 1 )  
- 1 ( 1 )  
C ( 7 )  
6 0 ( 1 )  
3 5 ( 1 )  
5 3 ( 1 )  
- 1 ( 1 )  
5 ( 1 )  
- 3 ( 1 )  
C ( 8 )  
7 4 ( 1 )  
6 5 ( 1 )  
6 6 ( 1 )  
- 1 7 ( 1 )  
3 ( 1 )  
- 2 1 ( 1 )  
C ( 9 )  
1 1 1 ( 1 )  
9 8 ( 1 )  
8 1 ( 1 )  
- 4 5 ( 1 )  
1 2 ( 1 )  
- 3 2 ( 1 )  
C ( 1 0 )  
1 1 8 ( 1 )  
8 6 ( 1 )  
5 5 ( 1 )  
- 2 6 ( 1 )  
1 5 ( 1 )  
- 1 5 ( 1 )  
C ( 1 1 )  
9 1 ( 1 )  
5 2 ( 1 )  
6 3 ( 1 )  
- 8 ( 1 )  
2 2 ( 1 )  
- 2 ( 1 )  
C ( 1 2 )  
5 4 ( 1 )  
3 7 ( 1 )  
5 2 ( 1 )  
- 1 ( 1 )  
8 ( 1 )  
2 ( 1 )  
C ( 1 3 )  
4 5 ( 1 )  
5 2 ( 1 )  
6 0 ( 1 )  
7 ( 1 )  
4 ( 1 )  
4 ( 1 )  
C ( 1 4 )  
4 1 ( 1 )  
5 3 ( 1 )  
5 2 ( 1 )  
4 ( 1 )  
- 6 ( 1 )  
- 6 ( 1 )  
C ( 1 5 )  
4 8 ( 1 )  
5 6 ( 1 )  
6 2 ( 1 )  
2 ( 1 )  
2 ( 1 )  
- 8 ( 1 )  
C ( 1 6 )  
6 7 ( 1 )  
5 6 ( 1 )  
7 8 ( 1 )  
1 2 ( 1 )  
8 ( 1 )  
- 7 ( 1 )  
C ( 1 7 )  
5 6 ( 1 )  
7 2 ( 1 )  
6 8 ( 1 )  
- 1 2 ( 1 )  
2 ( 1 )  
1 3 ( 1 )  
C ( 1 8 )  
9 8 ( 1 )  
9 9 ( 1 )  
8 9 ( 1 )  
- 4 4 ( 1 )  
1 7 ( 1 )  
9 ( 1 )  
C ( 1 9 )  
5 7 ( 1 )  
6 5 ( 1 )  
5 1 ( 1 )  
1 3 ( 1 )  
- 8 ( 1 )  
1 ( 1 )  
C ( 2 0 )  
8 5 ( 1 )  
3 8 ( 1 )  
8 7 ( 1 )  
7 ( 1 )  
2 2 ( 1 )  
4 ( 1 )  
C ( 2 1 )  
1 1 3 ( 1 )  
6 9 ( 1 )  
1 1 6 ( 1 )  
- 1 3 ( 1 )  
5 0 ( 1 )  
2 1 ( 1 )  
C ( 2 2 )  
1 0 9 ( 1 )  
7 9 ( 1 )  
7 0 ( 1 )  
- 3 ( 1 )  
3 3 ( 1 )  
- 1 1 ( 1 )  
1 9 1  
S  ~ . .  
T a b l e  , .  H y d r o g e n  a t o m  p o s i t i o n a 1  ( x 1 0  )  a n d  t h e r m a l '  ( x 1 0  )  p a r a m e t e r s  
f o r  
A p 1 y p a 1 1 i d e n o n e  C 2 2  H 3 0  0 5  (  ~i) 
~ 
i .  
~ 
u "  
H ( l )  
7 6 5 ( 4 )  
2 4 3 ( 3 )  
3 5 7 ( 1 )  
4 ( 1 )  
H ( 2 )  
6 6 5 ( 6 )  
3 4 0 ( 3 )  
4 3 0 ( 1 )  
7 ( 1 )  
H ( 6 )  
9 8 3 ( 4 )  
3 6 9 ( 3 )  
3 3 3 ( 1 )  
4 ( 1 )  
H ( 8 A )  
8 9 1 ( 5 )  
2 6 8 ( 4 )  
2 6 4 ( 1 )  
6 ( 1 )  
H ( 8 B )  
8 6 8 ( 6 )  
1 4 0 ( 4 )  
2 8 5 ( 2 )  
8 ( 1 )  
H ( 9 A )  
9 1 8 ( 6 )  
1 1 9 ( 5 )  
1 9 5 ( 2 )  
9 ( 1 )  
H ( 9 B )  
1 0 5 9 ( 9 )  
6 7 ( 6 )  
2 2 1 ( 3 )  
1 2 ( 1 )  
H ( 1 0 A )  
1 1 8 8 ( 8 )  
1 8 0 ( 5 )  
1 6 0 ( 2 )  
1 2 ( 1 )  
H ( 1 0 B )  
1 1 0 0 ( 8 )  
3 0 6 ( 6 )  
1 7 6 ( 2 )  
1 2 ( 1 )  
H ( 1 2 )  
1 1 8 3 ( 4 )  
3 6 3 ( 3 )  
2 7 2 ( 1 )  
4 ( 1 )  
H ( 1 3 A )  
1 4 3 7 ( 4 )  
2 4 5 ( 3 )  
3 4 0 ( 1 )  
5 ( 1 )  
H ( 1 3 B )  
1 4 9 5 ( 5 )  
3 6 4 ( 3 )  
3 0 4 ( 1 )  6 ( 1 )  
H ( 1 4 A )  
1 2 6 4 ( 4 )  
4 8 2 ( 3 )  
3 4 4 ( 1 )  
4 ( 1 )  
H ( 1 4 B )  
1 3 9 1 ( 5 )  
4 2 1 ( 3 )  
3 8 7 ( 1 )  
6 ( 1 )  
H ( 1 6 A )  
8 6 6 ( 6 )  
- 3 4 ( 4 )  
4 7 7 ( 2 )  9 ( 1 )  
H ( 1 6 B )  7 0 7 ( 8 )  
- 7 9 ( 5 )  
4 5 6 ( 2 )  
1 1 ( 1 )  
H ( 1 6 C )  
8 7 2 ( 9 )  
- 1 0 6 ( 6 )  
4 2 5 ( 2 )  
1 4 ( 1 )  
H ( 1 8 A )  
6 8 8 ( 8 )  
7 3 7 ( 5 )  
5 2 9 ( 2 )  
1 1 ( 1 )  
H ( 1 8 B )  
8 4 9 ( 9 )  
7 1 0 ( 6 )  
5 5 2 ( 2 )  
1 0 ( 1 )  
H ( 1 8 C )  
7 6 4 ( 9 )  
6 1 7 ( 6 )  5 8 0 ( 3 )  
1 4 ( 1 )  
H ( 1 9 A )  
1 2 7 0 ( 5 )  
2 0 6 ( 4 )  
4 3 0 ( 1 )  
7 ( 1 )  
H ( 1 9 B )  
1 1 2 8 ( 5 )  
2 3 6 ( 3 )  
4 6 2 ( 1 )  
7 ( 1 )  
H ( 1 9 C )  
1 2 7 8 ( 5 )  
3 2 9 ( 4 )  
4 6 7 ( 1 )  
7 ( 1 )  
H ( 2 0 A )  
1 0 8 3 ( 8 )  6 4 ( 5 )  
3 5 5 ( 2 )  1 2 ( 1 )  
H ( 2 0 B )  1 2 8 9 ( 8 )  
8 9 ( 5 )  
3 4 9 ( 2 )  1 2 ( 1 )  
H ( 2 0 C )  1 1 5 5 ( 6 )  
2 7 ( 4 )  
3 0 3 ( 2 )  
9 ( 1 )  
H ( 2 1 A )  
H ( 2 1 B )  
H ( 2 1 C )  
H ( 2 2 A )  
H ( 2 2 B )  
H ( 2 2 C )  
1 5 3 5 ( 9 )  
1 3 4 7 ( 8 )  
1 4 7 6 ( 9 )  
1 4 4 0 ( 5 )  
1 5 4 1 ( 7 )  
1 3 4 6 ( 6 )  
1 2 2 ( 6 )  
3 5 ( 6 )  
1 0 0 ( 6 )  
3 0 2 ( 3 )  
3 4 0 ( 4 )  
4 0 8 ( 4 )  
2 6 5 ( 3 )  
2 4 3 ( 2 )  
2 0 5 ( 3 )  
1 6 3 ( 2 )  
2 1 7 ( 2 )  
2 0 2 ( 1 )  
1 4 ( 1 )  
1 3 ( 1 )  
1 3 ( 1 )  
7 ( 1 )  
1 0 ( 1 )  
8 ( 1 )  
1 9 2  
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T a b l e  1 .  P o s i t i o n a 1  p a r a m e t e r s  ( x 1 0  )  f o r  
A p 1 y p a 1 1 i d o x o n e  
(  ) .  ' l . )  
,  O~ \ (  
, O Y i  
1 0  ¥ - z .  
0 ( 1 )  
1 2 4 9 ( 1 )  
4 8 7 ( 1 )  
7 4 5 5 ( 1 )  
0 ( 2 )  
8 8 5 ( 1 )  
- 2 4 2 2 ( 6 )  
7 8 1 2 ( 2 )  
0 ( 3 )  
1 2 2 0 ( 1 )  
- 1 3 5 0 ( 5 )  
4 9 7 1 ( 2 )  
0 ( 4 )  
1 9 6 ( 1 )  
4 9 4 ( 6 )  
3 7 2 2 ( 2 )  
0 ( 5 )  
5 3 8 ( 1 )  
3 4 8 7 ( 5 )  
4 3 4 5 ( 2 )  
0 ( 6 )  
1 7 7 4 ( 1 )  
2 5 4 1 ( 5 )  
4 3 8 7 ( 2 )  
C ( l )  
1 5 1 9 ( 1 )  
- 5 5 7 ( 5 )  
6 8 0 3 ( 2 )  
C ( 2 )  
1 0 6 4 ( 1 )  
- 5 4 9 ( 5 )  
5 8 0 2 ( 2 )  
C ( 3 )  
1 1 1 4 ( 1 )  
7 5 8 ( 6 )  
4 9 9 5 ( 2 )  
C ( 4 )  
1 6 6 8 ( 1 )  
1 9 4 2 ( 5 )  
5 1 2 4 ( 2 )  
C ( 5 )  
2 0 5 7 ( 1 )  
2 3 0 8 ( 5 )  
6 1 8 2 ( 2 )  
C ( 6 )  
2 1 0 6 ( 1 )  
3 4 9 ( 5 )  
6 8 0 6 ( 2 )  
C ( 7 )  
2 5 9 0 ( 1 )  
3 6 7 ( 5 )  
7 8 5 4 ( 2 )  
C ( 8 )  
2 6 3 2 ( 1 )  
- 1 7 5 1 ( 6 )  
8 2 9 0 ( 2 )  
C ( 9 )  
3 1 8 3 ( 2 )  
- 2 0 9 2 ( 7 )  
9 1 7 0 ( 3 )  
C ( 1 0 )  
3 7 2 5 ( 1 )  
- 1 6 4 9 ( 7 )  
8 8 8 0 ( 3 )  
C ( l 1 )  
3 7 5 5 ( 1 )  
4 6 9 ( 6 )  
8 4 8 1 ( 2 )  
C ( 1 2 )  
3 1 7 5 ( 1 )  
8 5 7 ( 6 )  
7 6 2 1 ( 2 )  
C ( 1 3 )  
3 1 3 6 ( 1 )  
2 9 0 8 ( 6 )  
7 1 3 0 ( 3 )  
C ( 1 4 )  
2 6 6 5 ( 1 )  
2 9 1 3 ( 7 )  
6 1 2 5 ( 3 )  
C ( 1 5 )  
9 3 5 ( 1 )  
- 6 5 2 ( 7 )  
7 9 1 4 ( 2 )  
C ( 1 6 )  
6 7 6 ( 2 )  
5 9 2 ( 1 0 )  
8 5 4 2 ( 3 )  
C ( 1 7 )  
5 6 4 ( 1 )  
1 5 2 6 ( 7 )  
4 2 6 7 ( 2 )  
C ( 1 8 )  
2 3 ( 2 )  
4 5 3 5 ( 1 2 )  
3 7 3 6 ( 4 )  
C ( 1 9 )  
1 7 4 9 ( 2 )  
4 0 7 2 ( 6 )  
6 5 3 3 ( 3 )  
C ( 2 0 )  
2 4 5 5 ( 2 )  
.  1 8 3 8 / 7 )  
8 6 0 1 ( 3 )  
C ( 2 1 )  
3 8 8 7 ( 2 )  
1 9 9 8 ( 8 )  
9 3 2 7 ( 3 )  
(00£08 
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1 9 6  
T a b l e  2 .  B o n d  l e n g t h s  ( A )  f o r  A p 1 y p a l l i d o x o n e  ("}..~) 
C ( l ) - O ( l )  
1 . 4 4 6 ( 3 )  
C ( 1 5 ) - Q ( 1 )  
1 .  3 5 9 ( 4 )  
C ( 1 5 ) - O ( 2 )  
1 . 1 9 2 ( 5 )  
C ( 2 ) - O ( 3 )  
1 . 4 3 0 ( 3 )  
C ( 3 ) - O ( 3 )  
1 . 4 3 2 ( 4 )  
C ( 1 7 ) - O ( 4 )  
1 . 1 9 8 ( 4 )  
C ( 1 7 ) - O ( 5 )  
1 .  3 1 6 ( 4 )  
C ( 1 8 ) - O ( 5 )  
1 . 4 5 3 ( 4 )  
C ( 4 ) - O ( 6 )  
1 .  2 0 4 ( 3 )  
C ( 2 ) - C ( 1 )  
1 .  5 0 0 ( 4 )  
C ( 6 ) - C ( 1 )  
1 .  5 3 0 ( 3 )  
C ( 3 ) - C ( 2 )  
1 . 4 6 2 ( 4 )  
C ( 4 ) - C ( 3 )  
1 . 5 0 9 ( 4 )  
C ( 1 7 ) - C ( 3 )  
1 . 4 9 7 ( 4 )  
C ( 5 ) - C ( 4 )  
1 .  5 2 0 ( 4 )  
C ( 6 ) - C ( 5 )  
1 .  5 5 9 ( 4 )  
C ( 1 4 ) - C ( 5 )  
1 .  5 3 4 ( 4 )  
C ( 1 9 ) - C ( 5 )  
1 .  5 4 5 ( 4 )  
C ( 7 ) - C ( 6 )  
1 . 5 7 8 ( 3 )  
C ( 8 ) - C ( 7 )  
1 . 5 3 3 ( 4 )  
C ( 1 2 ) - C ( 7 )  
1 . 5 6 2 ( 4 )  
C ( 2 0 ) - C ( 7 )  
1 . 5 3 9 ( 4 )  
C ( 9 ) - C ( 8 )  
1 .  5 3 2 ( 4 )  
C ( 1 0 ) - C ( 9 )  
1 . 5 0 0 ( 5 )  
C ( l l ) - C ( l O )  
1 .  5 3 0 ( 5 )  
C ( 1 2 ) - C ( 1 l )  
1 . 5 6 7 ( 4 )  
C ( 2 1 ) - C ( l l )  
1 . 5 2 5 ( 5 )  
C ( 2 2 ) - C ( 1 l )  
1 .  5 2 5 ( 5 )  
C ( 1 3 ) - C ( 1 2 )  
1 . 5 2 3 ( 5 )  
C ( 1 4 ) - C ( 1 3 )  
1 .  5 2 2 ( 4 )  
C ( 1 6 ) - C ( 1 5 )  
1 . 4 7 5 ( 6 )  
1 9 7  
T a b l e  3 .  B o n d  a n g l e s  ( " )  f o r  A p 1 y p a 1 1 i d o x o n e  (~\,) 
C ( 1 5 ) - 0 ( 1 ) - C ( 1 )  
1 1 6 . 3 ( 2 )  
C ( 3 ) - 0 ( 3 ) - C ( 2 )  
6 1 .  5 ( 2 )  
C ( 1 8 ) - 0 ( 5 ) - C ( 1 7 )  
1 1 8 . 8 ( 4 )  
C ( 2 ) - C ( 1 ) - 0 ( 1 )  
1 0 4 . 8 ( 2 )  
C ( 6 ) - C ( 1 ) - 0 ( 1 )  
1 1 3 . 0 ( 2 )  
C ( 6 ) - C ( 1 ) - C ( 2 )  
1 1 4 . 3 ( 2 )  
C ( 1 ) - C ( 2 ) - 0 ( 3 )  
1 1 8 . 1 ( 2 )  
C ( 3 ) - C ( 2 ) - O ( 3 )  
5 9 . 3 ( 2 )  
C ( 3 ) - C ( 2 ) - C ( 1 )  
1 2 1 .  7  ( 2 )  
C ( 2 ) - C ( 3 ) - O ( 3 )  
5 9 . 2 ( 2 )  
C ( 4 ) - C ( 3 ) - 0 ( 3 )  
1 1 1 .  2  ( 2 )  
C ( 4 ) - C ( 3 ) - C ( 2 )  
1 1 9 . 3 ( 2 )  
C ( 1 7 ) - C ( 3 ) - 0 ( 3 )  
1 1 6 . 5 ( 2 )  
C ( 1 7 ) - C ( 3 ) - C ( 2 )  
1 1 8 . 5 ( 2 )  
C ( 1 7 ) - C ( 3 ) - C ( 4 )  
1 1 7 . 8 ( 2 )  
C ( 3 ) - C ( 4 ) - 0 ( 6 )  
1 1 8 . 1 ( 2 )  
C ( 5 ) - C ( 4 ) - 0 ( 6 )  
1 2 4 . 2 ( 2 )  
C ( 5 ) - C ( 4 ) - C ( 3 )  
1 1 7 . 6 ( 2 )  
C ( 6 ) - C ( 5 ) - C ( 4 )  
1 0 9 . 6 ( 2 )  
C ( 1 4 ) - C ( 5 ) - C ( 4 )  
1 0 7 . 8 ( 2 )  
C ( 1 4 ) - C ( 5 ) - C ( 6 )  
1 0 9 . 6 ( 2 )  
C ( 1 9 ) - C ( 5 ) - C ( 4 )  
1 0 2 . 8 ( 2 )  
C ( 1 9 ) - C ( 5 ) - C ( 6 )  
1 1 5 . 1 ( 2 )  
C ( 1 9 ) - C ( 5 ) - C ( 1 4 )  
1 1 1 . 4 ( 3 )  
C ( 5 ) - C ( 6 ) - C ( 1 )  
1 1 4 . 5 ( 2 )  
C ( 7 ) - C ( 6 ) - C ( 1 )  
1 1 5 . 2 ( 2 )  
C ( 7 ) - C ( 6 ) - C ( 5 )  
1 1 5 . 4 ( 2 )  
C ( 8 ) - C ( 7 ) - C ( 6 )  
1 0 7 . 9 ( 2 )  
C ( 1 2 ) - C ( 7 ) - C ( 6 )  
1 0 5 . 2 ( 2 )  
C ( 1 2 ) - C ( 7 ) - C ( 8 )  
1 0 8 . 7 ( 2 )  
C ( 2 0 ) - C ( 7 ) - C ( 6 )  
1 1 3 . 2 ( 2 )  
C ( 2 0 ) - C ( 7 ) - C ( 8 )  
1 0 8 . 5 ( 3 )  
C ( 2 0 ) - C ( 7 ) - C ( 1 2 )  
1 1 3 . 0 ( 2 )  
C ( 9 ) - C ( 8 ) - C ( 7 )  
1 1 3 . 4 ( 3 )  
C ( 1 0 ) - C ( 9 ) - C ( 8 )  
1 1 1 . 1 ( 3 )  
C ( 1 1 ) - C ( 1 0 ) - C ( 9 )  
1 1 4 . 8 ( 3 )  
C ( 1 2 ) - C ( 1 1 ) - C ( 1 0 )  
1 0 7 . 9 ( 2 )  
C ( 2 1 ) - C ( 1 1 ) - C ( 1 0 )  
1 1 0 . 8 ( 3 )  
C ( 2 1 ) - C ( 1 1 ) - C ( 1 2 )  
1 1 4 . 9 ( 3 )  
C ( 2 2 ) - C ( 1 1 ) - C ( 1 0 )  
1 0 7 . 1 ( 3 )  
C ( 2 2 ) - C ( 1 1 ) - C ( 1 2 )  
1 0 8 . 0 ( 3 )  
C ( 2 2 ) - C ( 1 1 ) - C ( 2 1 )  
1 0 7 . 9 ( 3 )  
C ( 1 1 ) - C ( 1 2 ) - C ( 7 )  
1 1 6 . 6 ( 2 )  
C ( 1 3 ) - C ( 1 2 ) - C ( 7 )  
1 1 0 . 1 ( 2 )  
C ( 1 3 ) - C ( 1 2 ) - C ( 1 1 )  
1 1 4 . 7 ( 2 )  
C ( 1 4 ) - C ( 1 3 ) - C ( 1 2 )  
1 1 0 . 5 ( 3 )  
C ( 1 3 ) - C ( 1 4 ) - C ( 5 )  
1 1 3 . 8 ( 3 )  
0 ( 2 ) - C ( 1 5 ) - 0 ( 1 )  
1 2 3 . 2 ( 3 )  
C ( 1 6 ) - C ( 1 5 ) - 0 ( 1 )  
1 1 0 . 9 ( 4 )  
C ( 1 6 ) - C ( 1 5 ) - 0 ( 2 )  
1 2 5 . 8 ( 4 )  
0 ( 5 ) - C ( 1 7 ) - 0 ( 4 )  
1 2 5 . 5 ( 3 )  
C ( 3 ) - C ( 1 7 ) - 0 ( 4 )  
1 2 4 . 7 ( 4 )  
C ( 3 ) - C ( 1 7 ) - 0 ( 5 )  
1 0 9 . 7 ( 3 )  
1 9 8  
T a b l e  S 2 .  T h e r m a l  p a r a m e t e r s  ( x l 0 ! )  f o r  A p l y p a l l i d o x o n e  ( " : I . .  ~ 
0 ( 1 )  
4 6 ( 1 )  
5 0 ( 1 )  
4 4 ( 1 )  
- 2 ( 1 )  
1 9 ( 1 )  
- 3 ( 1 )  
0 ( 2 )  
1 1 0 ( 1 )  
7 8 ( 1 )  
1 0 3 ( 1 )  
1 0 ( 1 )  
5 5 ( 1 )  
- 2 3 ( 1 )  
0 ( 3 )  
6 7 ( 1 )  
4 8 ( 1 )  
5 1 ( 1 )  
- 1 1 ( 1 )  
1 7 ( 1 )  
- 1 ( 1 )  
0 ( 4 )  
7 3 ( 1 )  
1 0 8 ( 1 )  
7 6 ( 1 )  
1 2 ( 1 )  
- 1 7 ( 1 )  
- 2 4 ( 1 )  
0 ( 5 )  
5 9 ( 1 )  
7 5 ( 1 )  
6 6 ( 1 )  
9 ( 1 )  
1 2 ( 1 )  
2 5 ( 1 )  
0 ( 6 )  
6 1 ( 1 )  
7 4 ( 1 )  
5 3 ( 1 )  
1 7 ( 1 )  
2 1 ( 1 )  
2 ( 1 )  
C ( l )  
4 4 ( 1 )  
3 3 ( 1 )  
4 5 ( 1 )  
- 3 ( 1 )  
1 3 ( 1 )  
- 2 ( 1 )  
C ( 2 )  
4 4 ( 1 )  
4 3 ( 1 )  
4 6 ( 1 )  
- 5 ( 1 )  
1 3 ( 1 )  
- 4 ( 1 )  
C ( 3 )  
4 6 ( 1 )  
4 6 ( 1 )  
4 1 ( 1 )  
- 3 ( 1 )  
1 1 ( 1 )  
0 ( 1 )  
C ( 4 )  
4 6 ( 1 )  
3 9 ( 1 )  
4 7 ( 1 )  
6 ( 1 )  
1 6 ( 1 )  
8 ( 1 )  
C ( 5 )  
4 2 ( 1 )  
3 6 ( 1 )  
4 9 ( 1 )  
0 ( 1 )  
1 4 ( 1 )  
0 ( 1 )  
C ( 6 )  
4 1 ( 1 )  
3 2 ( 1 )  
3 9 ( 1 )  
- 4 ( 1 )  
1 5 ( 1 )  
2 ( 1 )  
C ( l )  
4 3 ( 1 )  
3 8 ( 1 )  
4 2 ( 1 )  
- 5 ( 1 )  
1 1 ( 1 )  
- 3 ( 1 )  
C ( 8 )  
5 2 ( 1 )  
5 3 ( 1 )  
5 3 ( 1 )  
7 ( 1 )  
5 ( 1 )  
0 ( 1 )  
C ( 9 )  
6 9 ( 1 )  
5 6 ( 1 )  
5 7 ( 1 )  
1 0 ( 1 )  
2 ( 1 )  
0 ( 1 )  
C ( 1 0 )  
5 5 ( 1 )  
6 6 ( 1 )  
6 2 ( 1 )  
2 ( 1 )  
1 ( 1 )  
1 3 ( 1 )  
C ( l 1 )  
4 1 ( 1 )  
6 5 ( 1 )  
5 4 ( 1 )  
- 1 0 ( 1 )  
6 ( 1 )  
0 ( 1 )  
C ( 1 2 )  
4 1 ( 1 )  
4 8 ( 1 )  
4 5 ( 1 )  
- 8 ( 1 )  
1 2 ( 1 )  
- 1 ( 1 )  
C ( 1 3 )  
4 7 ( 1 )  
5 8 ( 1 )  
6 6 ( 1 )  
1 ( 1 )  
1 3 ( 1 )  
- 1 2 ( 1 )  
C ( 1 4 )  
4 9 ( 1 )  
6 1 ( 1 )  
6 6 ( 1 )  
1 9 ( 1 )  
1 5 ( 1 )  
- 1 0 ( 1 )  
C ( 1 5 )  
5 3 ( 1 )  
8 0 ( 1 )  
4 6 ( 1 )  
8 ( 1 )  
1 6 ( 1 )  
- 8 ( 1 )  
C ( 1 6 )  
6 8 ( 1 )  
1 3 3 ( 1 )  
4 6 ( 1 )  
2 ( 1 )  
2 4 ( 1 )  
7 ( 1 )  
C ( 1 7 )  
4 9 ( 1 )  
8 0 ( 1 )  
4 1 ( 1 )  
7 ( 1 )  
1 3 ( 1 )  
- 3 ( 1 )  
C ( 1 8 )  
6 0 ( 1 )  
1 4 1 ( 1 )  
7 5 ( 1 )  
3 8 ( 1 )  
2 6 ( 1 )  
4 6 ( 1 )  
C ( 1 9 )  
5 9 ( 1 )  
3 1 ( 1 )  
6 7 ( 1 )  
- 6 ( 1 )  
1 0 ( 1 )  
2 ( 1 )  
C ( 2 0 )  
4 8 ( 1 )  
6 9 ( 1 )  
5 1 ( 1 )  
- 1 9 ( 1 )  
1 3 ( 1 )  
- 1 ( 1 )  
C ( 2 1 )  
6 0 ( 1 )  
8 4 ( 1 )  
6 5 ( 1 )  
- 2 2 ( 1 )  
- 4 ( 1 )  
- 4 ( 1 )  
661 
2 0 0  
~ ~ 
T a b 1
e
S J .  H y d r o g e n  a t o m  p o s i t i o n a 1  ( x 1 0  )  a n d  t h e r m a l '  ( x 1 0  )  p a r a m e t e r s  
f o r  
A p 1 y p a 1 1 i d o x o n e  ( l . l . )  
' l e  
' f  
" l -
V I I  
H ( l )  
1 5 7 ( 1 )  
- 1 9 7 ( 5 )  
7 0 4 ( 2 )  
4 ( 1 )  
H ( 2 )  
7 0 ( 1 )  
- 8 9 ( 5 )  
5 8 3 ( 2 )  
5 ( 1 )  
H ( 6 )  
2 2 5 ( 1 )  
- 5 5 ( 4 )  
6 4 4 ( 2 )  
3 ( 1 )  
H ( 8 A )  
2 6 5 ( 1 )  
- 2 7 0 ( 5 )  
7 7 3 ( 2 )  
5 ( 1 )  
H ( 8 B )  
2 2 6 ( 1 )  
- 2 0 9 ( 6 )  
8 4 4 ( 2 )  
6 ( 1 )  
H ( 9 A )  
3 1 8 ( 2 )  
- 3 3 9 ( 6 )  
9 4 1 ( 3 )  
7 ( 1 )  
H ( 9 B )  
3 1 5 ( 1 )  
- 1 1 9 ( 6 )  
9 7 2 ( 2 )  
6 ( 1 )  
H ( 1 0 A )  
3 7 5 ( 1 )  
- 2 5 4 ( 6 )  
8 3 6 ( 3 )  
7 ( 1 )  
H ( 1 0 B )  
4 1 0 ( 2 )  
- 1 8 6 ( 6 )  
9 4 6 ( 3 )  
7 ( 1 )  
H ( 1 2 )  
3 1 9 ( 1 )  
- 1 1 ( 4 )  
7 1 0 ( 2 )  
3 ( 1 )  
H ( 1 3 A )  
3 5 0 ( 1 )  
3 1 7 ( 5 )  
6 9 5 ( 2 )  
6 ( 1 )  
H ( 1 3 B )  
3 0 6 ( 1 )  
3 8 6 ( 6 )  
7 5 8 ( 2 )  
5 ( 1 )  
H ( 1 4 A )  
2 6 5 ( 1 )  
4 2 0 ( 6 )  
5 8 5 ( 3 )  
6 ( 1 )  
H ( 1 4 B )  
2 7 9 ( 1 )  
1 7 6 ( 7 )  
5 6 5 ( 3 )  
8 ( 1 )  
H ( 1 6 A )  
7 6 ( 2 )  
3 8 ( 1 1 )  
9 1 4 ( 5 )  
1 3 ( 1 )  
H ( 1 6 B )  
9 5 ( 4 )  
1 6 9 ( 1 9 )  
8 8 6 ( 7 )  
2 4 ( 1 )  
H ( 1 6 C )  
3 3 ( 2 )  
1 0 2 ( 9 )  
8 2 2 ( 4 )  
1 2 ( 1 )  
H ( 1 8 A )  
1 4 ( 4 )  
5 7 2 ( 1 9 )  
3 8 8 ( 7 )  
2 6 ( 1 )  
H ( 1 8 B )  
- 2 7 ( 2 )  
4 1 1 ( 8 )  
3 9 2 ( 3 )  
1 1 ( 1 )  
H ( 1 8 C )  
- 1 ( 2 )  
4 3 3  ( 7 )  
3 1 1 ( 4 )  
9 ( 1 )  
H ( 1 9 A )  
1 3 7 ( 1 )  
3 7 0 ( 6 )  
6 5 7 ( 2 )  
7 ( 1 )  
H ( 1 9 B )  
1 9 9 ( 1 )  
4 5 3 ( 6 )  
7 1 5 ( 2 )  
6 ( 1 )  
H ( 1 9 C )  
1 6 9 ( 1 )  
5 1 4 ( 7 )  
6 0 4 ( 3 )  
7 ( 1 )  
H ( 2 0 A )  
2 0 8 ( 2 )  
2 0 5 ( 6 )  
8 5 6 ( 2 )  
6 ( 1 )  
H ( 2 0 B )  
2 6 7 ( 2 )  
1 6 5 ( 7 )  
9 2 1 ( 3 )  9 ( 1 )  
H ( 2 0 C )  2 6 1 ( 2 )  
3 2 5 ( 8 )  
8 5 3 ( 3 )  
1 0 ( 1 )  
H ( 2 1 A )  
H ( 2 1 B )  
H ( 2 1 C )  
H ( 2 2 A )  
H ( 2 2 B )  
H ( 2 2 C )  
3 6 3 ( 2 )  
4 2 9 ( 2 )  
3 8 6 ( 2 )  
4 1 9 ( 2 )  
4 6 2 ( 2 )  
4 3 5 ( 2 )  
1 9 2 ( 7 )  
1 7 3 ( 7 )  
3 4 0 ( 9 )  
- 4 4 ( 7 )  
7 ( 7 )  
1 8 3 ( 8 )  
9 7 9 ( 3 )  
9 7 5 ( 3 )  
9 1 0 ( 4 )  
7 4 4 ( 3 )  
8 5 0 ( 3 )  
7 8 6 ( 3 )  
1 0 ( 1 )  
9 ( 1 )  
1 1 ( 1 )  
9 ( 1 )  
9 ( 1 )  
9 ( 1 )  
2 0 1  
2 0 2  
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1  W e  i h a u p t ,  J . G . ,  ' E x p l o r a t i o n  o f  t h e  O c e a n s '  C h .  1 0 ,  1 9 7 9 ,  M a c m i 1 1 a n ,  
N e w  Y o r k  
2  B e r q u i s t ,  P . R . ,  ' S p o n g e s ' ,  1 9 7 8 ,  H u t c h i n s o n ,  L o n d o n .  
3  B e r g m a n n ,  W . ,  F e e n e y ,  R . J . ,  J .  A m .  C h e m .  S o c . ,  1 9 5 0 ,  7 2 ,  2 8 0 5 .  
4  C o h e n ,  S . S . ,  P e r s p e c t .  B I o I .  M e d . ,  1 9 6 3 ,  6 ,  2 1 5 .  
5  B e r g m a n n ,  W . ,  J .  M a r .  R e s . ,  1 9 4 9 ,  8 ,  1 3 7 - 7 6 .  
6  B e r g m a n n ,  W . ,  ' C o m p r e h e n s i v e  B i o c h e m i s t r y '  ( M .  F 1 0 r k i n  a n d  H . S .  M a s o n ,  
e d s . )  1 9 6 2 ,  V o l .  3 ,  A c a d e m i c  P r e s s ,  N e w  Y o r k .  
7  B u r t o n ,  M . ,  ' S p o n g e s '  1 9 3 4 ,  5 1 3 - 6 2 1 .  
8  L e n d e n f e 1 d ,  R .  V o n . ,  ' A  M o n o g r a p h  o f  t h e  H o r n y  S p o n g e s ' ,  1 8 8 9 ,  R o y a l  
S o c i e t y ,  L o n d o n .  
9  B e r g q u i s t ,  P . R . ,  N . Z .  J o u r n .  Z o o I . ,  1 9 8 0 ,  7 ,  1 .  
1 0  B e r g q u i s t ,  P . R . ,  N . Z .  J o u r n .  Z o o I . ,  1 9 8 0 ,  7 ,  4 4 3 .  
"~d(otI 
1 1  D ' A m b r o s i o ,  M . ,  G u e r r i e r o ,  A . ,  T r a 1 d i ,  P . ,  P i e t r a ,  F . ,  T e t r a .  L e t t . ,  
"  
1 9 8 2 ,  2 3 ,  4 4 0 3 .  
1 2  X y n a s ,  R . ,  a n d  C a p o n ,  R . J . ,  A u s t .  J .  C h e m . ,  1 9 8 9 ,  4 2 ,  1 4 2 7 - 3 3 .  
2 0 3  
1 3  F e n i c a 1 ,  W . ,  I n  ' M a r i n e  N a t u r a l  P r o d u c t s :  C h e m i c a l  a n d  B i o l o g i c a l  
P e r s p e c t i v e s '  ( P . J .  S c h e u e r ,  e d ) ,  1 9 7 8 ,  V o l .  1 1 ,  A c a d e m i c  P r e s s ,  N e w  
Y o r k .  
1 4  C i m i n o ,  G . ,  D e  R o s a ,  D . ,  D e  S t e f a n o ,  S . ,  a n d  M i n a l e ,  L . ,  T e t : . r a h e d r o n ,  
1 9 7 4 ,  3 0 ,  6 4 5 .  
1 5  K a z 1 a u s k a s ,  R . ,  M u r p h y ,  P . T . ,  W e l l s ,  R . J . ,  N o a c k ,  K . ,  O b e r h a n s 1 i ,  
W . E . ,  a n d  S h o n h o 1 z e r ,  P . ,  A u s t .  J .  C h e m . ,  1 9 7 9 ,  3 2 ,  8 6 7 .  
1 6  C i m i n o ,  G . ,  M o r r o n e ,  R . ,  a n d  S o d a n o ,  G . ,  T e t r a h e d r o n  L e t t . ,  1 9 8 2 ,  2 3 ,  
4 1 3 9 .  
•  
1 7  G o n z a 1 e z ,  A . G . ,  E s t r a d a ,  D . M . ,  M a r t i n ,  J  . 0 . ,  M a r t i n ,  V .  S . ,  P e r e z ,  C . ,  
a n d  P e r e z ,  R . ,  T e t r a h e d r o n ,  1 9 8 4 ,  4 0 ,  4 1 0 9  . .  
I 1 w  B  . .  ,,~'Vu,,+) P R . )  " " d  w  . . .  n ' 3 . ,  R .  : r '
J  
; n  "M"':I\~ N 4 + V v " t  p~s [ " . , , , , · I c a , !  Cl~ 
B1olo~iu.t ~,sp~\I~" V o l  V  . . .  C " ' .  I  ( K O .  p  . . . .  ScAl.II~V) ~d~~t. P r e S \ J A P t .  ' C f f 3 .  
1 8  K a z 1 a u s k a s ,  R  . •  M u r p h y  P .  T . ,  a n d  W e l l s  R . J . ,  T e t r a h e d r o n  L e t t . ,  1 9 7 9 ,  
1 9 ,  9 0 3 .  
1 9  K a r u s o ,  P . ,  a n d  T a y 1 o r ,  W . C . ,  A u s t .  J .  C h e m . ,  1 9 8 6 ,  3 9 ,  1 6 2 9 .  
2 0  K a r u s o ,  P . ,  S k e l t o n ,  B . W . ,  T a y 1 o r ,  W . C . ,  a n d  W h i t e ,  A . H . ,  A u s t .  J .  
C h e m . ,  1 9 8 4 ,  3 7 ,  1 0 8 1 .  
2 1  P o i n e r ,  A . ,  P h . D .  t h e s i s ,  U n i v e r s i t y  o f  S y d n e y ,  1 9 8 7 .  
2 2  H a m b 1 e y ,  T .  W . ,  P o i n e r ,  A . ,  a n d  T a y 1 o r ,  W .  C . ,  T e t r a h e d r o n .  L e t t . ,  1 9 8 6 ,  
2 8 ,  3 2 8 1 .  
2 0 4  
2 3  C l a r k s o n ,  E . N . K . ,  ' I n v e r t e b r a t e  p a l e o n t o l o g y  a n d  E v o l u t i o n ' ,  1 9 8 2 ,  
B u t l e r  a n d  T a n n e r  L t d . ,  L o n d o n .  
2 4  W a s s ,  R . E . ,  P e r s o n a l  C o m m u n i c a t i o n ,  1 9 8 9 .  
2 5  C h r i s t o p h e r s o n ,  C . ,  A c t a .  C h e m .  S c a n d .  B . ,  1 9 8 5 ,  3 9 ,  5 1 7 .  
2 6  K a r u s o ,  P . ,  B e r g q u i s t ,  P . R . ,  C a m b i e ,  R . C . ,  B u c k l e t o n ,  J . S . ,  C l a r k ,  
G . R . ,  a n d  R i c k a r d ,  C . E . F . ,  A u s t .  J .  C h e m . ,  1 9 8 6 ,  3 9 ,  1 6 4 3 .  
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2 . 1  I n t r o d u c t i o n  
T h e  c h e m i c a l  c o n s t i t u e n t s  o f  m a r i n e  o r g a n i s m s ,  i n  c o n t r a s t  t o  
t e r r e s t r i a l  o r g a n i s m s ,  h a v e  o n l y  r e l a t i v e l y  r e c e n t l y  b e e n  e x a m i n e d ,  m u c h  
o f  t h e  i n t e r e s t  b e i n g  s u s t a i n e d  b y  t h e  n o v e l  c o m p o u n d s  i s o l a t e d  f r o m  
t h e m .  M a n y  o f  t h e s e  n o v e l  c o m p o u n d s  c o n t a i n  s t r u c t u r e s  n o t  y e t  f o u n d  f r o m  
t e r r e s t r i a l  s o u r c e s  a n d  p o s s e s s  i n t e r e s t i n g  b i o l o g i c a l  a c t i v i t y  w h i c h  m a y  
i n  t h e  f u t u r e  p r o v e  t o  b e  p o t e n t i a l  p h a r m a c e u t i c a l s .  
S p o n g e s  i n  p a r t i c u l a r  h a v e  s h o w n  t h e m s e l v e s  t o  b e  a  p r o f i t a b l e  s o u r c e  
o f  n o v e l  a n d  b i o l o g i c a l l y  a c t i v e  m e t a b o l i t e s .  O n e  s u c h  g r o u p  o f  s p o n g e s ,  
t h e  o r d e r  D e n d r o c e r a t i d a ,  h a v e  p r o v e n  t o  b e  a  r i c h  s o u r c e  o f  i n t e r e s t i n g  
a n d  n o v e l  d i t e r p e n o i d s  w h i c h  c o n t a i n  t h e  s p o n g i a n  ( 1 )  o r  s p o n g i a n  d e r i v e d  
b a c k b o n e .  
1 2  
I t  . .  
( 1 )  
K a r u s o  i n  1 9 8 4  i s o l a t e d  t w o  n e w  a n d  n o v e l  d i t e r p e n e  m e t a b o l i t e s ,  
a p 1 y s u 1 p h u r i n  ( 2 ) 1 . 2  a n d  a p 1 y s u l p h u r i d e  ( 3  o r  4 ) 2  f r o m  t h e  s p o n g e  A p l y s i l l a  
s u l p h u r e a  ( O r d e r  D e n d r o c e r a t i d a ,  f a m i l y  A p 1 y s i l l i d a e )  
T h e  s t r u c t u r e s  w e r e  i d e n t i f i e d  b y  e x t e n s i v e  s p e c t r o s c o p i c  m e t h o d s ;  
a p l y s u l p h u r i n  ( 2 )  b e i n g  f u r t h e r  e s t a b l i s h e d  b y  X - r a y  c r y s t a 1 l o g r a p h y .  
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A p l y s i l l a  s u l p h u r e a  S c h u l z e  ( P l a t e  1 7 )  i s  a  y e l l o w  e n c r u s t i n g  s p o n g e  
w h i c h  g r o w s  t o  a  t h i c k n e s s  o f  3 - 1 0  m m .  I t  i s  w i d e l y  d i s t r i b u t e d  
t h r o u g h o u t  t h e  w o r l d  a n d  h a s  b e e n  r e c o r d e d  w i t h  a  v e r t i c a l  d i s t r i b u t i o n  
f r o m  2  t o  6 4 0  m . 3  T h e  s a m p l e s  e x t r a c t e d  b y  K a r u s o  w e r e  c o l l e c t e d  f r o m  
' T h e  D o c k s '  J e r v i s  B a y  b y  S C U B A  a t  a  d e p t h  r a n g e  o f  1 0 - 3 0  m .  
I n  t h i s  t h e s i s  w o r k  w a s  u n d e r t a k e n  d i r e c t e d  t o w a r d s  a  s t u d y  i n t o  
p o s s i b l e  s c h e m e s  f o r  t h e  t o t a l  s y n t h e s i s  o f  a p l y s u l p h u r i n .  
A p l y s u l p h u r i n  ( 2 )  i s  a  n e u t r a l ,  o p t i c a l l y  a c t i v e ,  t e t r a c y c l i c ,  
a r o m a t i c  l a c t o n e  d i t e r p e n e .  T h e  b i o g e n e s i s  o f  ( 2 )  w a s  f i r s t  d i s c u s s e d  b y  
K a r u s o  ( S c h e m e  A ) 2  a n d  i s  t h o u g h t  t o  c o m m e n c e  w i t h  a n  o x i d a t i o n  a t  C 6  a n d  
C 7  i n  t h e  B  r i n g  o f  s p o n g i a n  ( 1 )  f o l l o w e d  b y  m i g r a t i o n  o f  l 7 M e  t o  C 7 .  T h e  
e n s u i n g  c l e a v a g e  o f  t h e  C S - C 6  b o n d  ( r a d i c a l  f r a g m e n t a t i o n  o r  o x i d a t i v e  
c l e a v a g e )  a n d  s u p p l y  o f  a  n e w  h y d r o g e n  t o  C S  c o u l d  e v e n t u a l l y  g e n e r a t e  a  
c a r b o x y l  g r o u p  c a p a b l e  o f  l a c t o n i s i n g  w i t h  t h e  C 1 S  h y d r o x y l .  T h i s  m a y  
t h e n  b e  f o l l o w e d  b y  a c e t y l a t i o n  o f  t h e  C 1 6  h y d r o x y l  g r o u p  a n d  
a r o m a t i z a t i o n  o f  t h e  C  r i n g .  T h i s  s e q u e n c e  w a s  p r e f e r r e d  o v e r  o t h e r  
p o s s i b l e  m e c h a n i s m s  s i n c e  i t  g a v e  t h e  r e q u i r e d  s t e r e o c h e m i s t r y  a n d  i s  
b i o l o g i c a l l y  f e a s i b l e .  
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Plate 17. : An underwater photograph of Aplysilla sulphurea 
(yellow sponge), Aplysilla tango (orange sponge 
in bottom left hand corner) and Aplysilla rosea 
(red sponge in top left hand corner). 
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A p l y s u p h u r i n  ( 2 )  w a s  t h e  f i r s t  d i t e r p e n e  o f  i t s  t y p e  t o  b e  i s o l a t e d .  
S i n c e  t h e n  o t h e r  s i m i l a r  m e t a b o l i t e s  h a v e  b e e n  i s o l a t e d  s u c h  a s  ( 5 ) ,  ( 6 )  
a n d  ( 7 )  f r o m  D a r w i n e l l a  s u l p h u r e a , 4  ( 8 )  f r o m  D e n d r i l l a  m e m b r a n o s a
S  
a n d  ( 9 )  
a n d  ( 1 0 )  f r o m  t h e  d o r i d  n u d i b r a n c h  C h r o m a d o r i s  m a c f a r l a n d i .
6  
T h e  s e c o n d a r y  m e t a b o l i t e s  o f  s p o n g e s  h a v e  a l s o  d r a w n  a  l o t  i n t e r e s t  
b o t h  e c o l o g i c a l l y  a n d  p h a r m a c e u t i c a l l y .  E c o l o g i c a l l y  b e c a u s e  t h e  
s e c o n d a r y  m e t a b o l i t e s  m a y  b e  p r e s e n t  i n  t h e  s p o n g e  a s  a  c h e m i c a l  d e f e n c e  
s y s t e m .  T h e r e f o r e ,  b e c a u s e  o f  t h e i r  p o s s i b l e  e C O l o g i c a l  v a l u e ,  w h i c h  
i n h e r e n t l y  r e q u i r e s  t h e m  t o  h a v e  b i o l o g i c a l  a c t i v i t y ,  t h e y  m a y  a l s o  b e  o f  
i n t e r e s t  a s  p o t e n t i a l l y  u s e f u l  p h a r m a c e u t i c a l s .  
A p l y s i l l a  s u l p h u r e a  i s  o n e  s u c h  s p o n g e  i n  w h i c h  i t s  s e c o n d a r y  
m e t a b o l i t e s  m a y  a c t  a s  a  c h e m i c a l  d e f e n c e  s y s t e m .  T h e  s p o n g e  i s ,  a s  
m e n t i o n e d  a b o v e ,  a  t h i n ,  y e l l o w  e n c r u s t i n g  s p o n g e ,  h o w e v e r  i t  h a s  n o  
p h y s i c a l  m e a n s  o f  d e f e n d i n g  i t s e l f .  H e n c e  i t  i s  l i k e l y  t o  p o s s e s s  a  
c h e m i c a l  d e f e n c e  s y s t e m .  A p l y s u l p h u r i n  ( 2 )  w a s  t h e  m a j o r  m e t a b o l i t e  
i s o l a t e d  t o g e t h e r  w i t h  t h e  m i n o r  m e t a b o l i t e  ( 3  o r  4 ) .  B e c a u s e  o f  t h i s  
e m p h a s i s  o n  o n e  d i t e r p e n e  m e t a b o l i t e ,  w h o s e  f u n c t i o n  m a y  b e  a s  a  c h e m i c a l  
d e f e n c e  s y s t e m ,  i t s  p o s s i b l e  b i o l o g i c a l  a c t i v i t y  m a y  p r o v e  t o  p o s s e s s  
i n t e r e s t i n g  p h a r m a c o l o g i c a l  p r o p e r t i e s .  
B e c a u s e  o f  a p l y s u l p h u r i n ' s  i n t e r e s t i n g  s t r u c t u r e  a n d  p o s s i b l e  
p h a r m a c o l o g i c a l  p r o p e r t i e s ,  a n d  a  d i t e r p e n e  s t r u c t u r e  h i t h e r t o  
u n s y n t h e s i s e d ,  i t  p r e s e n t e d  a  c h a l l e n g e  f o r  s y n t h e s i s .  I n d e e d  a  t o t a l  
s y n t h e s i s  o f  ( 2 )  i s  n e c e s s a r y  b e f o r e  m e d i c i n a l  p o t e n t i a l  c a n  b e  r e a l i s e d .  
A p l y s i l l a  s u l p h u r e a ,  b e c a u s e  o f  i t s  t h i n  e n c r u s t i n g  s t r u c t u r e ,  i s  
d i f f i c u l t  t o  c o l l e c t  i n  l a r g e  e n o u g h  q u a n t i t i e s  f o r  s e r i o u s  
p h a r m a c o l o g i c a l  t e s t i n g  a n d ,  i f  u s e f u l ,  p o s s i b l e  e c o n o m i c  p o t e n t i a l .  
(8) 
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2 . 2  D i s c u s s i o n  
W h e n  K a r u s o  t r e a t e d  a p l y s u l p h u r i n  ( 2 )  w i t h  h o t  m o i s t  d i m e t h y l  
s u l p h o x i d e  ( D M S O )  t h e  p r o d u c t  i s o l a t e d  w a s  a n  u n s t a b l e  c r y s t a l l i n e  p r o d u c t  
i d e n t i f i e d  a s  t h e  1 a c t a 1  a l d e h y d e  ( 1 1 ) . '  T h i s  r e a c t i o n  p r o v i d e d  a n  
i n s i g h t  i n t o  a  p o s s i b l e  s y n t h e t i c  r o u t e  f o r  t h e  p r e p a r a t i o n  o f  
a p 1 y s u 1 p h u r i n  w h i c h  c o u l d  i n v o l v e  i n i t i a l  f o r m a t i o n  o f  t h e  c a r b o n - c a r b o n  
b o n d  l i n k i n g  t h e  A  a n d  B  r i n g  f o l l o w e d  b y  t h e  f o r m a t i o n  o f  t h e  C  a n d  D  
r i n g s .  
( 2 )  
O k  
. _ H  
' 0  
h o t  m o i s t  D M S O  
. .  
H  
( 1 1 )  
I n  t h e  r e t r o s y n t h e t i c  a n a l y s i s  o f  a p 1 y s u l p h u r i n  ( S c h e m e  1 )  t h e  l a s t  
s t a g e  o f  t h e  s y n t h e s i s  c o u l d  i n v o l v e  a  c l o s u r e  o f  t h e  a c i d -
p h t h a 1 a 1 d e h y d e  ( 1 2 ) ,  f o r m i n g  t h e  C  a n d  D  r i n g s .  I t  w a s  a n t i c i p a t e d  t h a t  
( 1 2 )  m a y  b e  o b t a i n e d  f r o m  a  6 - c y c 1 o h e x y l - 2 - m e t h o x y - n a p h t h y 1  d e r i v a t i v e  
( 1 3 )  a p p r o p r i a t e l y  s u b s t i t u t e d  i n  t h e  5  p o s i t i o n  f r o m  w h i c h  t h e  s i d e  c h a i n  
m a y  b e  b u i l t  o n .  
o  
Ozo~lysis o f  t h e  a r o m a t i c  r i n g  i n  ( 1 3 )  c o u l d  t h e n  a f f o r d  
( 1 2 ) .  T h e  6 - c y c l o h e x y l - 2 - m e t h o x y n a p h t h y 1  d e r i v a t i v e  ( 1 3 )  i n  t u r n ,  w a s  
a n t i c i p a t e d ,  c o u l d  b e  o b t a i n e d  f r o m  t h e  c o n d e n s a t i o n  o f  
4 , 4 - d i m e t h y l c y c l o h e x a n e - 1 , 3 - d i o n e  ( 1 5 )  w i t h  2 - b r o m o - 6 - m e t h o x y - 1 - n a p h t h o i c  
a c i d  ( 1 6 )  v i a  a  H u r t 1 e y  r e a c t i o n  w i t h  s u b s e q u e n t  r e d u c t i o n  o f  t h e  k e t o n e s  
i n  ( 1 4 ) .  
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S c h e m e  1  
A n  a]r~rnative a p p r o a c h  t o  t h e  p r e p a r a t i o n  o f  ( 1 3 )  i s  s h o w n  i n  S c h e m e  
( 2 )  w h e r e  t h e  a d d i t i o n  o f  a n  a p p r o p r i a t e l y  5 - s u b s t i t u t e d -
i ' \  
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6 - b r o m o - 2 - m e t h o x y n a p h t h a l e n e  ( 1 9 )  i s  a d d e d  t o  i s o p h o r o n e  ( 1 8 )  v i a  a  
1 , 4 - M i c h a e l  a d d i t i o n .  T h e  s u b s e q u e n t  r e d u c t i o n  o f  t h e  k e t o n e  ( 1 7 )  w o u l d  
t h e n  y i e l d  ( 1 3 ) .  
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I n  l i g h t  o f  t h e  l a r g e  a m o u n t  o f  w o r k  w h i c h  h a d  b e e n  c o m p l e t e d  i n  o u r  
d e p a r t m e n t  o n  t h e  H u r t l e y  r e a c t i o n '  a  s y n t h e t i c  s c h e m e  t o  a p l y s u l p h u r i n  
i n v o l v i n g  t h i s  r e a c t i o n  w a s  f i r s t  c o n s i d e r e d  ( S c h e m e  1 ) .  
F r o m  a n  i n i t i a l  s t u d y  b y  K a r u s o  i n t o  a  p o s s i b l e  s y n t h e t i c  r o u t e  t o  
a p l y s u l p h u r i n ,  t h e  m o d e l  c o m p o u n d  ( 2 0 )  w a s  p r e p a r e d .  H o w e v e r ,  s u b s e q u e n t  
a t t e m p t s  t o  r e d u c e  t h e  c a r b o n y l  f u n c t i o n  f a i l e d .
8  
O C R
3  
2 1 3  
S i n c e  t h i s  c a r b o n y l  f u n c t i o n  w o u l d  a l s o  b e  p r e s e n t  i n  o u r  s y n t h e t i c  
s t r a t e g y  [ S e e  S c h e m e  1  ( 1 4 ) ]  i t  b e c a m e  e v i d e n t  t h a t  a n  i n i t i a l  s t u d y  i n t o  
p o s s i b l e  m e t h o d s  o f  r e d u c i n g  t h e  c a r b o n y l s  i n  ( 1 4 )  w a s  i n  o r d e r .  H e n c e  a  
s y n t h e t i c  r o u t e ,  o u t l i n e d  i n  s c h e m e  3 ,  t o w a r d s  t h e  m o d e l  c o m p o u n d  ( 2 1 )  w a s  
f i r s t  i n v e s t i g a t e d .  
o m
3  
T h e  p r e p a r a t i o n  o f  4 , 4 - d i m e t h y l c y c l o h e x a n e - l , 3 - d i o n e  ( 1 5 )  w a s  f i r s t  
i n v e s t i g a t e d  b y  C h a m p a g n e  e t  a l .  i n  1 9 6 4
9  
a n d  h a s  b e e n  a d o p t e d  i n  o u r  
p r e p a r a t i o n .  T h e  a r y l a t i o n  o f  t h e  ~-diketone ( 1 5 )  w i t h  
6 - m e t h o x y - 2 - n a p h t h y l l e a d  t r i a c e t a t e  ( 3 3 )  f o l l o w e d  t h e  m e t h o d  o f  P i n h e y  e t  
a l .
W  
T h e  f i r s t  s t e p  i n  S c h e m e  3  w a s  a  c o n d e n s a t i o n  o f  i s · o b u t y r a l d e h y d e  
w i t h  a c r y l o n i t r i l e ,  u s i n g  c y a n i d e  a s  t h e  b a s e ,  t o  g i v e  t h e  c o r r e s p o n d i n g  
c y a n o b u t y r a l d e h y d e  ( 2 2 )  i n  7 9 %  y i e l d .  T h i s  w a s  t h e n  o x i d i s e d  w i t h  a  
s o l u t i o n  o f  n i t r i c  a c i d  a n d  s u l p h u r i c  a c i d  ( 1 : 1 )  t o  t h e  g l u t a r i c  a c i d  ( 2 3 )  
( 7 5 % )  w h i c h  w a s  t h e n  c y c l i s e d  t o  t h e  a n h y d r i d e  ( 2 4 )  ( 6 3 % )  w i t h  a c e t y l  
c h l o r i d e .  
T r e a t m e n t  o f  ( 2 4 )  w i t h  m e t h a n o l  p r o v i d e d  t h e  m o n o m e t h y l  e s t e r  ( 2 5 )  i n  
7 6 %  y i e l d  w h i c h  u p o n  f u r t h e r  t r e a t m e n t  w i t h  t h i o n y l  c h l o r i d e  g a v e  t h e  
c o r r e s p o n d i n g  a c y l  c h l o r i d e  ( 2 6 )  i n  9 6 %  y i e l d .  T h e  a c y l  c h l o r i d e  ( 2 6 )  w a s  
t h e n  r e a c t e d  w i t h  d i m e t h y l  c a d m i u m  ( p r e p a r e d  b y  t~ a d d i t i o n  o f  c a d m i u m  
c h l o r i d e  t o  t h e  G r i g n a r d  o f  m e t h y l  i o d i d e )  y i e l d i n g  t h e  k e t o n e  ( 2 7 )  i n  7 9 %  
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y i e l d .  A l l  t h r e e  c o m p o u n d s  ( 2 5 ) ,  ( 2 6 )  a n d  ( 2 7 )  w e r e  f o u n d  b y  I H  n . m . r .  t o  
b e  o f  t w o  i s o m e r s  a s  s h o w n  i n  S c h e m e  3 .  N o  a t t e m p t  w a s  m a d e  t o  s e p a r a t e  
t h e  t w o  i s o m e r i c  f o r m s  s i n c e  i n  t h e  n e x t  c y c l i z a t i o n  s t e p  b o t h  i s o m e r s  
w o u l d  g i v e  t h e  s a m e  p r o d u c t .  
T h e  c y c l i z a t i o n  o f  ( 2 7 )  t o  t h e  ~-diketone, 
4 , 4 - d i m e t h y l c y c l o h e x a n e - l , 3 - d i o n e  ( 1 5 )  w a s  a c c o m p l i s h e d  v i a  a  C l a i s e n  
c o n d e n s a t i o n  u s i n g  s o d i u m  m e t h o x i d e  a s  t h e  b a s e ,  t h e  p r o d u c t  b e i n g  
o b t a i n e d  i n  7 1 %  y i e l d .  
W i t h  t h e  s y n t h e s i s  o f  t h e  ~-diketone ( 1 5 )  n o w  a c h i e v e d ,  t h e  n e x t  s t e p  
w a s  t o  a t t e m p t  a  m o n o a r y l a t i o n  i n  t h e  a - p o s i t i o n .  T h e  m e t h o d  u s e d  w a s  a  
r e a c t i o n  e x p l o r e d  b y  P i n h e y  a n d  R o w e , r o  i n  w h i c h  a r y l  l e a d  t r i a c e t a t e s  
w e r e  c o n d e n s e d  w i t h  ~-diketones. A l t h o u g h  i n  t h e i r  a t t e m p t s  a t  c o n d e n s i n g  
d i m e d o n e  w i t h  t h e  t w o  a r y l  l e a d  t r i a c e t a t e s ,  p - m e t h o x y p h e n y l l e a d  
t r i a c e t a t e  a n d  p - t o l y l l e a d  t r i a c e t a t e ,  h a d  o n l y  g i v e n  t h e  c o r r e s p o n d i n g  
d i a r y l a t e d  p r o d u c t s ,  t h e  n a p h t h y l  s e r i e s  h a d  n o t  b e e n  e x p l o r e d .  I t  w a s  
a l s o  a n t i c i p a t e d  t h a t  w i t h  t h e  i n c r e a s e  i n  s t e r i c  h i n d r a n c e  p r o v i d e d  b y  
t h e  t w o  m e t h y l  g r o u p s  i n  ( 1 5 ) ,  i t  m a y  l e a d  t o  t h e  m o n o a r y l a t e d  p r o d u c t .  
T h e  d e s i r e d  n a p h t h y l  l e a d  t r i a c e t a t e  ( 3 3 ) ,  w a s  t h e r e f o r e  p r e p a r e d  u s i n g  
t h e  m e t h o d  o f  K o z y r o d
l l  
( S c h e m e  4 )  s t a r t i n g  f r o m  ~-naphthol. 
B r o m i n a t i o n  o f  ~-naphthol u s i n g  t h e  m e t h o d  o f  K o e l c h
U  
g a v e  
6 - b r o m o - 2 - n a p h t h o l  ( 3 0 ) .  M e t h y l a t i o n  o f  ( 3 0 )  w a s  e f f e c t e d  w i t h  m e t h a n o l  
a n d  s u l p h u r i c  a c i d  g i v i n g  6 - b r o m o - 2 - m e t h o x y n a p h t h a l e n e  ( 3 1 ) D  i n  7 1 %  
y i e l d .  T h e  G r i g n a r d  o f  ( 3 1 )  w a s  t h e n  p r e p a r e d  b y  t h e  m e t h o d  o f  K i d w e l l  e t  
a 1 . 0  a n d  t r e a t e d  w i t h  t r i b u t y l t i n  c h l o r i d e  a c c o r d i n g  t o  t h e  g e n e r a l  m e t h o d  
o f  E a b o r n  e t  a 1
1 4  
w h i c h  g a v e  t h e  s t a n n a n e ,  6 - m e t h o x y - 2 - n a p h t h y l - t r i b u t y l  
s t a n n a n e  ( 3 2 )  i n  7 0 %  y i e l d .  T r a n s m e t a l a t i o n  t o  t h e  l e a d  t r i a c e t a t e  ( 3 3 )  
w a s  t h e n  e f f e c t e d  i n  6 0 %  y i e l d  u s i n g  d r i e d  l e a d  t e t r a a c e t a t e  a c c o r d i n g  t o  
thp~ethod o f  K o z y r o d .
l l  
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S c h e m e  4  
T h e  n a p h t h y l  l e a d  t r i a c e t a t e  ( 3 3 )  ( 1  e q u i v )  w a s  t h e n  c o n d e n s e d  w i t h  t h e  
~-diketone ( 1 5 )  ( 1  e q u i v )  a c c o r d i n g  t o  t h e  m e t h o d  o f  P i n h e y  a n d  R o w e
l O  
( S c h e m e  3 ) .  T . l . c .  o f  t h e  r e a c t i o n  m i x t u r e  i n d i c a t e d  t h e  s t a r t i n g  
~-diketone w a s  s t i l l  p r e s e n t  e v e n  a f t e r  2 4  h .  
T h e  p r o d u c t  o b t a i n e d  u p o n  w o r k  u p  a n d  c r y s t a l l i z a t i o n  w a s  f o u n d  t o  
h a v e  a n  e m p i r i c a l  f o r m u l a  o f  C~H1402 a n d  g a v e  a  m o l e c u l a r  i o n  p e a k  o f  m / z  
4 5 2 ;  h e n c e  a  m o l e c u l a r  f o r m u l a  o f  ~H~04' T h i s  i n f o r m a t i o n  c o u p l e d  w i t h  
t h e  I H  n . m . r .  s p e c t r u m  w h i c h  s h o w e d  s i g n a l s  p e r t a i n i n g  t o  m e t h o x y  a n d  
a r o m a t i c  p r o t o n s  i n t e g r a t i n g  t o  6  a n d  1 2  p r o t o n s  r e s p e c t i v e l y  t h e r e f o r e  
c o n f i r m e d  t h e  p r o d u c t  o b t a i n e d  w a s  i n  f a c . t . . t h e  d i a r y l a t e d  p r o d u c t  
2 , 2 - b i s ( 6 - m e t h o x y - 2 - n a p h t h y l ) - 4 , 4 - d i m e t h y l c y c l o h e x a n e - l , 3 - d i o n e  ( 2 9 ) .  
2 1 6  
S i n c e  t h e  d i a r y 1 a t e d  p r o d u c t  w a s  o b t a i n e d  f r o m  ( 1 5 ) ,  S c h e m e  5  i n  w h i c h  
t h e  a-methy1-~-diketone 2 , 4 , 4 - t r i m e t h y 1 c y c 1 o h e x a n e - 1 , 3 - d i o n e  ( 3 5 )  i s  
p r e p a r e d ,  w a s  t h e n  p r o p o s e d ,  t h e  a - m e t h y 1  g r o u p s  t h e r e f o r e  p r e v e n t i n g  
d i a r y 1 a t i o n  f r o m  o c c u r r i n g  t o g e t h e r  w i t h  i n t r o d u c i n g  t h e  7 ' K e  g r o u p s  o f  
a p 1 y s u 1 p h u r i n .  
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T h e  p r e p a r a t i o n  o f  ( 3 5 )  w a s  a c h i e v e d  b y  t r e a t i n g  t h e  a c y l  c h l o r i d e  
( 2 6 ) ,  p r e p a r e d  a s  i n  S c h e m e  3  w i t h  d i e t h y 1 c a d m i u m  ( p r e p a r e d  b y  t h e  
2 1 7  
a d d i t i o n  o f  c a d m i u m  b r o m i d e  t o  t h e  G r i g n a r d  o f  e t h y l  b r o m i d e )  g i v i n g  t h e  
k e t o n e  ( 3 4 )  i n  8 0 %  y i e l d .  T h i s  w a s  t h e n  c y c l i s e d  b y  t h e  s a m e  m e t h o d  a s  
t h a t  i n  S c h e m e  3  g i v i n g  t h e  p r o d u c t  ( 3 5 )  i n  7 0 %  y i e l d .  H o w e v e r  ( 3 5 )  w a s  
f o u n d  t o  b e  a  h i g h l y  u n s t a b l e  c r y s t a l l i n e  s o l i d  w h i c h  d e c o m p o s e d  r a p i d l y  
t o  g i v e  a  p u n g e n t  y e l l o w  o i l .  A l l  a t t e m p t s  t o  a r y l a t e  ( 3 5 )  w i t h  t h e  
n a p h t h y l l e a d  t r i a c e t a t e  ( 3 3 )  m e t  w i t h  f a i l u r e  g i v i n g  n u m e r o u s  p r o d u c t s  
w h i c h  w e r e  n o t  a n a l y s e d .  
T h e r e f o r e  t h e  t w o  s c h e m e s  3  a n d  5  w e r e  d e e m e d  n o t  t o  b e  s y n t h e t i c a l l y  
u s e f u l  f o r  t h e  p r e p a r a t i o n  o f  t h e  m o d e l  c o m p o u n d  ( 2 1 ) .  
T h e  s e c o n d  a p p r o a c h  w h i c h  m a y  b e  e m p l o y e d  i n  t h e  p r e p a r a t i o n  o f  
a p l y s u l p h u r i n  o u t l i n e d  i n  t h e  r e t r o s y n t h e t i c  a n a l y s i s  S c h e m e  2  w a s  
t h e r e f o r e  i n v e s t i g a t e d .  T h e  a p p r o a c h  u t i l i s e s  a  r e a c t i o n  e x p l o r e d  b y  
L u c h e  e t  s l . B  ( o u t l i n e d  i n  S c h e m e  6 )  i n  w h i c h  d i o r g a n o z i n c  r e a g e n t s  a r e  
p r e p a r e d  u l t r a s o n i c a l l y  a n d  t h e n  r e a c t e d  w i t h  a,~ u n s a t u r a t e d  c a r b o n y l  
c o m p o u n d s  t o  g i v e  t h e  1 , 4  M i c h a e l  a d d i t i o n  p r o d u c t .  I n  t h e  p r e p a r a t i o n  o f  
a n h y d r o u s  z i n c  b r o m i d e ,  l i t h i u m  f o i l  a n d  a n  a l k y l  o r  a r y l  b r o m i d e  i n  d r y  
e t h e r  a n d  u n d e r  n i t r o g e n  a r e  s o n i c a t e d  a t  O ·  .  
S o n i c a t i o n  i s  c e a s e d  w h e n  a l l  t h e  l i t h i u m  f o i l  h a s  b e e n  c o n s u m e d  
l e a v i n g  t h e  d i o r g a n o z i n c  r e a g e n t  a s  a  b l a c k  p r e c i p i t a t e .  T o  t h i s  z i n c  
r e a g e n t  a  s o l u t i o n  o f  a n  a,~ u n s a t u r a t e d  c a r b o n y l  c o m p o u n d  t o g e t h e r  w i t h  a  
c a t a l y t i c  a m o u n t  o f  a n h y d r o u s  n i c k e l  a c e t y l a c e t o n a t e  [ N i ( a c a c ) 2 ]  i n  e t h e r  
i s  a d d e d  a n d  s t i r r e d  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e .  O n  w o r k u p  t h e  
1 , 4 - M i c h a e l  a d d i t i o n  p r o d u c t  ( 3 6 )  i s  o b t a i n e d .  
T h e  i n i t i a l  r e a c t i o n  i s  b e l i e v e d  t o  b e  t h e  f o r m a t i o n  o f  t h e  
o r g a n o l i t h i u m  r e a g e n t ,  t h e  f o r m a t i o n  b e i n g  a s s i s t e d  b y  t h e  c a v i t a t i o n  
e n e r g y  i n d u c e d  b y  t h e  u l t r a s o n i c  v i b r a t o r .  T w o  o f  t h e s e  o r g a n o l i t h i u m s  
t h e n  u n d e r g o  a  t r a n s m e t a l l a t i o n  w i t h  t h e  z i n c  b r o m i d e  p r e s e n t  t o  f o r m  t h e  
d i o r g a n o z i n c  r e a g e n t .  
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T h e  m a j o r  d i s a d v a n t a g e  o f  t h i s  m e t h o d  i s  h o w e v e r  t h a t  o n l y  o n e  o f  t h e  
o r g a n o  g r o u p s  ( a l k y l  o r  a r y l )  i s  u s e d  u p .  H e n c e  h a l f  o f  t h e  o r g a n o b r o m o  
c o m p o u n d  i s  w a s t e d  w h i c h  w o u l d  b e  a  m a j o r  c o n c e r n  i f  i t  w e r e  e x p e n s i v e .  
T o  i n v e s t i g a t e  t h e  p o t e n t i a l  o f  t h i s  m e t h o d  a n d  s u b s e q u e n t  r e a c t i o n s  
w h i c h  m a y  b e  e m p l o y e d  i n  t h e  p r e p a r a t i o n  o f  a p  l y s u l p h u r  i n  ,  a g a i n  t h e  
p r e p a r a t i o n  o f  t h e  m o d e l  c o m p o u n d  ( 2 1 )  w a s  f i r s t  i n v e s t i g a t e d .  
Z n B r 2 / L i /  
R B r  
•  
R 2 Z n  
e t h e r  o r  l H F  
o  
~ 
R  
~ 
( 3 6 )  
S c h e m e  6  
H o w e v e r  w h e n  t h e  a b o v e  m e t h o d  w a s  a p p l i e d  t o  6 - b r o m o - 2 - m e t h o x y -
n a p h t h a l e n e  ( 3 1 )  a n d  i s o p h o r o n e  ( 1 8 )  a d d e d ,  o n l y  t h e  t w o  s t a r t i n g  
m a t e r i a l s  w e r e  r e c o v e r e d .  H e a t i n g  t h e  m i x t u r e  d u r i n g  s o n i f i c a t i o n  t o  4 0 '  
i n  t e t r a h y d r o f u r a n  ( T H F )  a l s o  g a v e  n o  r e a c t i o n .  I n  a  l a t e r  p a p e r  b y  L u c h e  
e t  al.~ i t  w a s  r e p o r t e d  t h a t  i n  a  n u m b e r  o f  c a s e s  f o r  w h i c h  i t  w a s  
d i f f i c u l t  t o  o b t a i n  g o o d  r e s u l t s  i n  e t h e r ,  i m p r o v e d  r e a c t i o n s  w e r e  
a c h i e v e d  w h e n  s o n i f i c a t i o n  w a s  c o n d u c t e d  i n  t o l u e n e / T H F ,  t h e  c a v i t a t i o n  
e n e r g y  b e i n g  t r a n s f e r r e d  m o r e  e f f i c i e n t l y .  A p p l y i n g  t h i s  m e t h o d  t o  ( 3 1 )  
a l s o  m e t  w i t h  f a i l u r e ;  o n l y  s t a r t i n g  m a t e r i a l s  w e r e  r e c o v e r e d .  T h e r e f o r e  
i t  b e c a m e  o b v i o u s  t h a t  t h e  i n i t i a l  l i t h i a t i o n  w a s  n o t  o c c u r i n g .  
T o  a s c e r t a i n  w h e t h e r  t h e  l a c k  o f  r e a c t i v i t y  w a s  d u e  t o  t h e  2 - m e t h o x y  
~- --~ 
g r o u p s  o r  t h e  e x t r a  a r o m a t i c  r i n g  s y s t e m ,  r e a c t i o n s  w i t h  b o t h  1 - a n d  
2 - b r o m o n a p h t h a l e n e  u n d e r  v a r y i n g  c o n d i t i o n s  a n d  i n  b o t h  e t h e r  a n d  
2 1 9  
T H F / t o 1 u e n e  s o l v e n t s  w e r e  r u n .  A l l  a t t e m p t s  w e r e  h o w e v e r  u n s u c c e s s f u l  
w i t h  a g a i n  o n l y  t h e  s t a r t i n g  m a t e r i a l  b e i n g  r e c o v e r e d .  H e n c e  t h e  e x t r a  
a r o m a t i c  r i n g  p r e v e n t s  t h e  f o r m a t i o n  o f  t h e  l i t h i u m  r e a g e n t s .  
O C H
3  
O C H
3  
1 )  M g  I T H F  1 6  
~ 0  
B r  
2 ) Z n B r z  
( 3 1 )  
3 ) ( 1 8 ) 1  N i ( a c a c } z  
( 3 7 )  
W o l f f - K i s c h n e r  r e d u c t i o n  
O C R
3  
O H  
+  
( 2 1 )  
( 3 8 )  
.  S c h e m e 7  
I t  w a s  h o w e v e r  p o s s i b l e  t o  f o r m  t h e  d i a r y 1  z i n c  r e a g e n t  b y  f i r s t  
p r e p a r i n g  t h e  G r i g n a r d  r e a g e n t  o f  6 - b r o m o - 2 - m e t h o x y n a p h t h a 1 e n e  u s i n g  t h e  
m e t h o d  o f  K i d w e 1 1  e C  8 1 , 3  t h e n  c o o l i n g  t h e  r e a c t i o n  m i x t u r e  t o  O ·  a n d  
a d d i n g  a n h y d r o u s  z i n c  b r o m i d e  ( S c h e m e  7 ) .  I s o p h o r o n e  ( 1 8 )  w i t h  a  
c a t a l y t i c  a m o u n t  o f  N i ( a c a c ) 2  i n  e t h e r  w a s  t h e n  a d d e d .  U p o n  w o r k  u p  a n d  
K u g e l r o h r  d i s t i l l a t i o n  t h e  p u r e  3 - ( 2 - m e t h o x y - 6 - n a p h t h y l ) - 3 , 5 , 5 -
t r i m e t h y l c y c l o h e x a n o n e  (37)·~ o b t a i n e d  i n  8 1 %  y i e l d  w i t h  r e s p e c t  t o  
i s o p h o r o n e .  T h e  k e t o n e  w a s  t h e n  r e d u c e d  b y  t h e  u s u a l  W o l f f - K i s h n e r  
2 2 0  
r e d u c t i o n  m e t h o d  t o  y i e l d  t h e  m o d e l  c o m p o u n d  1 - ( 2 - m e t h o x y - 6 - n a p h t h y l )  
- 1 , 3 , 3 - t r i m e t h y l c y c l o h e x a n e  ( 2 1 )  i n  4 0 %  y i e l d  t o g e t h e r  w i t h  
1 _ ( 2 _ h y d r o x y _ 6 _ n a p h t h y l ) _ 1 , 3 , 3 _ t r i m e t h y l c y c l o h e x a n e  ( 3 8 )  i n  4 6 %  y i e l d .  
T h e  f a c t  t h a t  ( 3 8 )  w a s  o b t a i n e d  m a y  b e  r a t i o n a l i s e d  b y  i p s o  s u b s t i t u t i o n  
o f  t h e  m e t h o x y  g r o u p  w i t h  h y d r o x i d e .  T h e  p r o d u c t i o n  o f  t h e  n a p h t h o l  ( 3 8 )  
h o w e v e r  w a s  n o t  d e l e t e r i o u s ,  s i n c e  t h i s  c o m p o u n d  c o u l d  a l s o  b e  u s e d  i n  t h e  
f o l l o w i n g  o z o n o l y s i s  r e a c t i o n  t o  f o r m  t h e  o - p h t h a l a l d e h y d e  ( 3 9 ) .  
1 )  a  
( 2 1 )  
2 )  b o r c  
1 )  a  
( 3 8 )  
2 )  b o r c  
a .  0 3 / M e O H / D C M / - 7 8 °  b .  D M S  c .  P P h
3  
S c h e m e  8  
C H O  
C H O  
T h e  o z o n o l y s i s  o f  b o t h  ( 2 1 )  a n d  ( 3 8 )  ( S c h e m e  8 )  w e r e  c a r r i e d  o u t  i n  a  
s o l u t i o n  o f  d i c h l o r o m e t h a n e / m e t h a n o l  ( 2 : 1 )  a t  - 7 8 · .  U s i n g  t h e  m e t h o d s  o f  
P a p p a s  e t  a 1 , 1 7 , 1 8  ( S c h e m e  8 )  t h e  r e d u c t i o n  o f  t h e  o z o n i d e  w i t h  
d i m e t h y l s u l p h i d e
1 7  
y i e l d e d  f r o m  ( 2 1 )  a n d  ( 3 8 )  t h e  o - p h t h a l a l d e h y d e  ( 3 9 )  i n  
5 8  a n d  6 0 %  y i e l d s  r e s p e c t i v e l y .  O n  t h e  o t h e r  h a n d ,  r e d u c t i o n  w i t h  
t r i p h e n y l p h o s p h i n e
1 8  
y i e l d e d  ( 3 9 )  i n  6 7  a n d  6 6 %  f r o m  ( 2 1 )  a n d  ( 3 8 )  
r e s p e c t i v e l y .  
A n  a l t e r n a t i v e  a p p r o a c h  t o  t h e  p r e p a r a t i o n  o f  t h e  o - p h t h a l a l d e h y d e  
- ,  
( 3 9 )  i n v o l v e d  t h e  p r e p a r a t i o n  o f  4 - ( l , 3 , 3 - t r i m e t h y 1 c y c 1 o h e x y 1 ) - o - x y 1 e n e  
( 4 1 )  a n d  i s  o u t l i n e d  i n  S c h e m e s  ( 9 - 1 0 ) .  
2 2 1  
T h i s  a v e n u e  w a s  p u r s u e d  s i n c e  t h e r e  e x i s t e d  a  r e p o r t  b y  R a p h a 1 e n
W  
f o r  
t h e  p r e p a r a t i o n  o f  2 - b r o m o - 5 , 6 - d i m e t h y 1 b e n z o i c  a c i d  w h i c h  c o u l d  b e  u s e d  a s  
a  p r e c u r s o r  f o r  t h e  B ,  C  a n d  D  r i n g s  o f  a p 1 y s u l p h u r i n .  
J X  
1 )  Z n B r
2
/ L i  1 0 0  
•  
2 )  ( 3 6 )  I  N i ( a c a c  n  
S c h e m e  9  
T h e  p r e p a r a t i o n  o f  ( 4 1 )  ( S c h e m e  9 )  i n v o l v e d  u s i n g  t h e  m e t h o d  L u c h e  e t  
al.~ i n  w h i c h  t h e  o r g a n o z i n c  r e a g e n t  w a s  p r e p a r e d  b y  s o n i c a t i o n  o f  a  
m i x t u r e  o f  4 - b r o m o - o - x y l e n e ,  l i t h i u m  f o i l  a n d  z i n c  b r o m i d e  i n  e t h e r  a t  
0 · .  T o  t h e  r e s u l t i n g  z i n c  r e a g e n t  w a s  a d d e d  a  s o l u t i o n  o f  i s o p h o r o n e  i n  
e t h e r  w i t h  a  c a t a l y t i c  a m o u n t  o f  a n h y d r o u s  N i ( a c a c ) 2 .  U p o n  w o r k  u p  t h i s  
y i e l d e d  t h e  k e t " . " , , ,  ( 4 0 )  i n  a n  8 5 %  y i e l d .  R e d u c t i o n  o f  t h e  k e t o n e  ( 4 0 )  b y  
t h e  u s u a l  W o l f f - K i s h n e r  m e t h o d  a f f o r d e d  ( 4 1 )  i n  9 6 %  y i e l d .  
T w o  a v e n u e s  f o r  e f f e c t i n g  t h e  o x i d a t i o n  o f  t h e  t w o  b e n z y l i c  m e t h y l  
g r o u p s  t o  t h e  o - p h t h a l a l d e h y d e  ( 3 9 )  w e r e  i n v e s t i g a t e d .  
B o t h  i n v o l v e d  i n i t i a l  b r o m i n a t i o n  o f  t h e  b e n z y l i c  m e t h y l  g r o u p s  t o  
e i t h e r  t h e  t e t r a b r o m o  p r o d u c t  ( 4 2 ) ( S c h e m e  1 0 )  o r  t o  t h e  d i b r o m o  p r o d u c t  
( 4 3 )  ( S c h e m e  1 1 )  w h i c h  i s  t h e n  h y d r o l y s e d  t o  t h e  d i o l  ( 4 4 )  ( S c h e m e  1 1 ) .  
2 2 2  
I n  S c h e m e  1 0  b r o m i n a t i o n  o f  ( 4 1 )  w i t h  4 . 1  e q u i v a l e n t s  o f  
N - b r o m o s u c c i n i m i d e  ( N B S )  y i e l d e d  t h e  t e t r a b r o m o - o - x y l y l  p r o d u c t  ( 4 2 )  i n  
8 0 %  y i e l d .  H y d r o l y s i s  o f  t h i s  p r o d u c t  b y  r e f l u x i n g  w i t h  c a l c i u m  c a r b o n a t e  
i n  d i o x a n e / w a t e r  ( 1 : 1 )  y i e l d e d  a  m i x t u r e  c o n t a i n i n g  a  g r e a t  n u m b e r  o f  
p r o d u c t s  w h i c h  w e r e  n o t  f u r t h e r  a n a l y s e d .  
A n o t h e r  m e t h o d  o f  p r e p a r i n g  o - p h t h a l a l d e h y d e s  f r o m  t e t r a b r o m o x y l e n e s  
w a s  r e p o r t e d  b y  K e r f a n t o  a n d  S o y e r 2 0  i n  w h i c h  t h e  t e t r a b r o m o x y l e n e s  a r e  
f i r s t  c o n v e r t e d  t o  t h e  t e t r a m o r p h o l i n e  p r o d u c t  b y  s t i r r i n g  w i t h  m o r p h o l i n e  
a t  5 0 · .  t h e  e x c e s s  m o r p h o l i n e  i s  t h e n  r e m o v e d  b y  d i s t i l l a t i o n  a n d  t h e  
r e s i d u e  h y d r o l y s e d  w i t h  1 0 M  h y d r o c h l o r i c  a c i d  t o  y i e l d  t h e  
p h t h a l a l d e h y d e s .  W h e n  t h i s  m e t h o d  w a s  a p p l i e d  t o  ( 4 2 )  a  5 8 %  y i e l d  o f  t h e  
o - p h t h a l a l d e h y d e  ( 3 9 )  w a s  o b t a i n e d .  
A l t e r n a t i v e l y ,  b r o m i n a t i o n  o f  ( 4 1 )  w i t h  2 . 1  e q u i v a l e n t s  o f  
N - b r o m o s u c c i n i m i d e  a f f o r d e d  t h e  d i b r o m o - o - x y l e n e  ( 4 3 )  w h i c h  w a s  t h e n  
i m m e d i a t e l y  h y d r o l y s e d  b y  r e f l u x i n g  w i t h  c a l c i u m  c a r b o n a t e  i n  
d i o x a n e / w a t e r  ( 1 : 1 )  f o r  2 4  h  t o  g i v e  t h e  d i a l c o h o l  ( 4 4 )  i n  7 6 %  ~d. 
T w o  m e t h o d s  f o r  e f f e c t i n g  t h e  o x i d a t i o n  o f  t h e  d i a l c o h o l  ( 4 4 )  t o  t h e  
p h t h a l a l d e h y d e  ( 3 9 )  w e r e  t e s t e d .  T h e  f i r s t  w a s  o x i d a t i o n  w i t h  
t e t r a k i s ( p y r i d i n e )  s i l v e r  d i c h r o m a t e  a  n e w  r e a g e n t  d e v e l o p e d  b y  
F i r o u z a b a d i  e t  al.~ T h i s  g a v e  b o t h  ( 3 9 )  a n d  t h e  t w o  p h t h a l i d e s  i s o m e r s  
( 4 5 )  a n d  ( 4 6 )  i n  a  r a t i o  o f  1 3 : 1 0 : 6  r e s p e c t i v e l y  ( I H  n . m . r . ) .  H o w e v e r  
o x i d a t i o n  u s i n g  t h e  m e t h o d  S w e r n  e t  a l .  , 2 2  i n  w h i c h  a l c o h o l s  a r e  t r e a t e d  
w i t h  d i m e t h y l s u l p h o x i d e  a n d  o x a l y l  c h l o r i d e  i n  d i c h l o r o m e t h a n e  a t  O ·  a n d  
f o l l o w e d  b y  t r i e t h y l a m i n e  g a v e  ( 3 9 )  i n  a  7 1 %  y i e l d .  
( 3 9 )  
N B S  ( 4 . 2  e q u i v a l e n t s )  
( 4 1 )  
•  
C a C 0
3
/  d i o x a n e  /  
m i x t u r e  
( 4 1 )  
S w e r n  
O x i d a t i o n  
+  
S c h e m e  1 0  
N B S  ( 2 . 1  e q u i v a l e n t s )  
•  
C H p H  
C H , O H  
!  ( P y ) 4
A
g 2
C r
2 O ,  
o  
.  S c h e m e  1 1  
C H B r
2  
C H B r
2  
1 )  m o r p h o l i n e  
2 ) H + / H
2
0  
( 3 9 )  
C H , B r  
~C~I d i o x a n e / H 2 0  /  A  
+  
2 2 3  
A l t h o u g h  t h e  m e t h o d  o f  F i r o u z a b a d i  e t  sl.~ g a v e  ( 3 9 )  i n  o n l y  
r e l a t i v e l y  l o w  y i e l d  ( 4 2 % ) ,  w i t h  t h e  m a j o r  p r o d u c t s  b e i n g  t h e  p h t h a l i d e s  
( 4 5 )  a n d  ( 4 6 ) ,  i t  w a s  h o w e v e r  a n  e x t r e m e l y  c o n v e n i e n t  m e t h o d  a n d  t h e  
p r o d u c t s  w e r e  e a s i l y  p u r i f i e d  b y  c o l u m n  c h r o m a t o g r a p h y .  
T h e  f i n a l  s t e p  w a s  t h e n  t o  c y c l i s e  t h e  d i a l d e h y d e  t o  f o r m  t h e  m o d e l  
d i a c e t o x y  p h t h a l a n  c o m p o u n d  ( 5 1 ) .  A  s e a r c h  t h r o u g h o u t  t h e  l i t e r a t u r e  
r e v e a l e d  t h a t  t h e s e  s y s t e m s  h a v e  t o  d a t e  n o t  b e e n  e x p l o r e d .  
0
C H O  
~CHO 
( 4 7 )  
\ :  
C A c  
~O +  
O A c  
( 4 8 )  
a  
b  
C  
C A c  
~O 
0 A c  
( 4 9 )  
•  
a .  A c , . D  I  H
2
0  ( 5  d r o p s )  b .  A C 2 0  I  H C l  ( 3  M ,  5  d r o p s )  
n o  r e a c t i o n  
c .  A~O/HCl ( 6  M ,  5  d r o p s )  d .  A~O/HCl ( 1 0  M ,  5  d r o p s )  
e .  A C 2 0  ( 1  e q u i v a l e n t )  I  BF3.E~O ( 1  e q u i v a l e n t )  I  E t 2 0  
S c h e m e  1 2  
0
C H
(
O A c
l : z  
~CH(OAc)2 
( 5 0 )  
A s  a  t e s t  r e a c t i o n  f o r  t h e  c y c l i z a t i o n ,  o - p h t h a l a l d e h y d e  ( 4 7 )  w a s  
p r e p a r e d  b y  t h e  m e t h o d  o f  P a p p a s  e t  s l ; m  o z o n l y s i s  o f  ~-naphthol f o l l o w e d  
b y  r e d u c t i o n  w i t h  t r i p h e n y l p h o s p h i n e  a n d  o f  h y r o l y s i s  w i t h  6 M  h y d r o c h l o r i c  
a c i d .  
T h e  f i r s t  r e a c t i o n  a t t e m p t e d  f o r  t h e  c y c l i z a t i o n  u s e d  a c e t i c  a n h y d r i d e  
a s  s o l v e n t  t o  w h i c h  a  f e w  d r o p s  o f  w a t e r  w e r e  a d d e d ;  h o w e v e r  o n l y  s t a r t i n g  
m a t e r i a l  w a s  r e c o v e r e d .  S i m i l a r l y  c a t a l y t i c  a m o u n t s  o f  3 M  o r  6 M  
h y d r o c h l o r i c  a c i d  a l s o  g a v e  n o  r e a c t i o n .  
2 2 4  
H o w e v e r  t h e  u s e  o f  1 0 M  h y d r o c h l o r i c  a c i d  a s  c a t a l y s t  g a v e  a  w h i t e  
c r y s t a l l i n e  c o m p o u n d  w h i c h  w a s  i d e n t i f i e d  a s  o - p h t h a l a l d e h y d e  t e t r a a c e t a t e  
( 5 0 ) .  
E v e n t u a l l y  i t  w a s  f o u n d  t h a t  b o r o n  t r i f l u o r i d e  e t h e r a t e  w i t h  1  
e q u i v a l e n t s  o f  a c e t i c  a n h y d r i d e  i n  e t h e r  e f f e c t e d  t h e  d e s i r e d  r e a c t i o n  
g i v i n g  1 , 3 - d i a c e t o x y p h t h a l a n  a s  b o t h  t h e  c i s  ( 4 8 )  a n d  t r e n s  ( 4 9 )  i s o m e r s  
i n  a  r a t i o  o f  5 : 9  a n d  o v e r a l l  y i e l d  o f  9 5 % .  T h e  l H  n . m . r .  ( 2 0 0  M H z )  
s p e c t r u m  s h o w e d  t w o  s i g n a l s  a t  8  2 . 1 2  a n d  2 . 1 4  i n t e g r a t i n g  t o  s i x  p r o t o n s  
( 2  x  O C O C H
3
) ,  t w o  s i g n a l s  a t  8  7 . 2 6  a n d  7 . 4 6  i n t e g r a t i n g  t o  t w o  p r o t o n s  
( o - a c e t o x y l  p r o t o n s )  a n d  a  s i g n a l  a t  8  7 . 5  i n t e g r a t i n g  t o  f o u r  p r o t o n s  
( a r o m a t i c  p r o t o n s ) .  
A p p l i c a t i o n  o f  t h i s  m e t h o d  t o  ( 3 9 )  h o w e v e r ,  c u r i o u s l y  y i e l d e d  o n l y  t h e  
p h t h a l i d e  ( 4 6 ) ( S c h e m e  1 3 ) .  
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T h i s  w a s  e v i d e n t  f r o m  t h e  ' H  n . m . r .  s p e c t r u m  w h i c h  s h o w e d  a l l  t h e  
c h a r a c t e r i s t i c  s i g n a l s  o f  t h e  c y c l o h e x a n e  r i n g  a n d  a r o m a t i c  p r o t o n s  b u t  
s h o w e d  a  b r o a d e n e d  t w o  p r o t o n  s i n g l e t  a t  6  5 . 3  i n d i c a t i n g  o n e  o f  t w o  
i s o m e r s  ( 4 5 )  o r  ( 4 6 ) .  
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D i s t i n g u i s h i n g  b e t w e e n  t h e s e  t w o  i s o m e r s  w a s  a c h i e v e d  b y  i n s p e c t i o n  o f  
t h e  a r o m a t i c  s i g n a l s  a n d  a  c o m p a r i s o n  o f  t h e  ' H  n . m . r .  s p e c t r a  ( 9 0  M R z ) o f  
t h e  p r o d u c t  w i t h  t h a t  o f  t h e  p h t h a l i d e  m i x t u r e  ( 4 5 )  a n d  ( 4 6 )  o b t a i n e d  f r o m  
t h e  o x i d a t i o n  o f  t h e  d i o l  ( 4 4 )  b y  t h e  m e t h o d  o f  F i r o u z a b a d i .  A  b r o a d e n e d  
s i n g l e t  a t  6  7 . 9 ,  i n d i c a t i n g  a n  a r o m a t i c  p r o t o n ,  p o s s e s s i n g  o n l y  m e t a  
c o u p l i n g ,  w a s  n e x t  t o  t h e  p h t h a l i d e  c a r b o n y l ;  h e n c e  e s t a b l i s h i n g  t h e  
s t r u c t u r e  ( 4 6 ) .  
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T h e  m e c h a n i s m  f o r  t h i s  m a y  b e  i n t e r p r e t e d  a s  d e p i c t e d  i n  S c h e m e  ( 1 4 ) .  
I n i t i a l  a t t a c k  b y  b o r o n  t r i f l u o r i d e  o n  t h e  e l e c t r o n i c a l l y  f a v o u r e d  
2 2 6  
a l d e h y d e  g r o u p  p a r a  t o  t h e  c y c l o h e x a n e  r i n g  f o l l o w e d  b y  a t t a c k  o f  a c e t i c  
a c i d  o r  w a t e r  t h e n  h y d r i d e  t r a n s f e r  w o u l d  g i v e  e i t h e r  t h e  m i x e d  a n h y d r i d e  
( w h i c h  c o u l d  h y d r o l y z e  t o  t h e  a c i d  o n  w o r k  u p )  o r  t h e  a c i d  w h i c h  c o u l d  
t h e n  l a c t o n i s e  t o  t h e  p h t h a l i d e  ( 4 6 ) .  
A l t h o u g h  n o t  p r o d u c i n g  t h e  d e s i r e d  d i a c e t o x y  p h t h a l a n  ( 5 1 )  t h i s  
c y c l i z a t i o n  i s  p o t e n t i a l l y  u s e f u l  f o r  t h e  p r e p a r a t i o n  o f  o t h e r  n a t u r a l  
p r o d u c t s  i n c l u d i n g  M e m b r a n o l i d e  ( 8 ) ,  i s o l a t e d  f r o m  a n  A n t a r c t i c  
D e n d r o c e r a t i d  s p o n g e  i d e n t i f i e d  a s  D e n d r i l l a  m e m b r a n o s a .
S  
I n  t h e  l i g h t  o f  t h e  f o r m a t i o n  o f  t h e  p h t h a l i d e  (~b) i n  t h e  c y c l i z a t i o n  
o f  t h e  o - p h t h a l a l d e h y d e  ( 3 9 )  
~cheme l3~it w a s  d e c i d e d  t o  a l s o  
i n v e s t i g a t e  t h e  p r e p a r a t i o n  o f  ( 5 7 ) ;  a p l y s u l p h u r i n  m i n u s  t h e  A  r i n g .  
S t a r t i n g  f r o m  6 - m e t h o x y - o - t e t r a l o n e  ( 5 2 )  a n d  t r e a t i n g  i t  w i t h  t h e  
G r i g n a r d  o f  e t h y l  b r o m i d e  f o l l o w e d  b y  d e h y d r a t i o n  ( w i t h  3 M  h y d r o c h l o r i c  
a c i d )  a n d  a r o m a t i z a t i o n  w i t h  c h l o r a n i l  y i e l d e d  2 - m e t h o x y - 5 -
e t h y l n a p h t h a l e n e  ( 5 3 )  i n  5 5 %  y i e l d .  B r o m i n a t i o n  o f  ( 5 3 )  w i t h  1 . 1  
e q u i v a l e n t s  o f  N - b r o m o s u c c i n i m i d e  y i e l d e d  o - b r o m o - 5 - e t h y l - 2 - m e t h o x y -
n a p h t h a l e n e  ( 5 4 ) .  C y a n a t i o n  o f  t h e  o - b r o m o n a p h t h a l e n e  w a s  e f f e c t e d  u s i n g  
t h e  m e t h o d  o f  K u r i h a r a  e t  al~ i n  w h i c h  o r g a n o h a l i d e s  a n d  t o s y l a t e s  a r e  
r e f l u x e d  w i t h  l i t h i u m  c y a n i d e  ( p r e p a r e d  b y  t h e  m e t h o d  o f  Livinghouse~) i n  
T H F .  T h i s  m e t h o d  w h e n  a p p l i e d  t o  ( 5 4 )  g a v e  t h e  n i t r i l e  ( 5 5 )  i n  9 4 %  
y i e l d .  H y d r o l y s i s  o f  t h e  n i t r i l e  b y  r e f l u x i n g  i n  a n  e t h a n o l i c  s o l u t i o n  o f  
1 0 M  p o t a s s i u m  h y d r o x i d e  f o l l o w e d  b y  w o r k  u p  w i t h  h y d r o c h l o r i c  a c i d  ( 3 M )  
g a v e  t h e  a c i d  2 - ( 2 - m e t h o x y - 5 - n a p h t h y l ) - p r o p i o n i c  a c i d  ( 5 6 )  i n  9 0 %  y i e l d .  
O z o n o l y s i s  o f  ( 5 6 )  f o l l o w e d  b y  r e d u c t i o n  o f  t h e  o z o n i d e ,  c y c l i z a t i o n  a n d  
a c e t y l a t i o n  c o u l d  t h e n  y i e l d  ( 5 7 ) .  
-
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T h e r e  s t i l l  r e m a i n e d  t h e  p r o b l e m  o f  f i n d i n g  a  m e t h o d  t o  c o n n e c t  a  
s u i t a b l e  5 - s u b s t i t u t e d - 2 - m e t h o x y  n a p h t h y l  d e r i v a t i v e  t o  i s o p h o r o n e .  T h i s  
m i g h t  b e  a c h i e v e d  b y  i n i t i a l  o - l i t h i a t i o n  o f  a  s u i t a b l y  5 - s u b s t i t u t e d  
m e t h o x y n a p h t h a l e n e  i . e .  l i t h i a t i o n  i n t o  t h e  6  p o s i t i o n ,  f o l l o w e d  b y  
o r g a n o z i n c  o r  o r g a n o c u p r a t e  f o r m a t i o n  a n d  1 , 4  M i c h a e l  a d d i t i o n  t o  
i s o p h o r o n e .  
A  g o o d  5 - s u b s t i t u e n t  c o u l d  b e  a  c a r b o x y l i c  a c i d  f u n c t i o n  s i n c e  
d e r i v a t i v e s  c a n  b e  p r e p a r e d  w h i c h  h a v e  g o o d  c o - o r d i n a t i n g  a n d  d i r e c t i n g  
a b i l i t y .  O n e  s u c h  d e r i v a t i v e  c o n s i d e r e d  w a s  t h e  o x a z o l i n e  s i n c e  t h e s e  
f u n c t i o n s  a r e  k n o w n  t o  h a v e  s t r o n g  o r t h o - d i r e c t i n g  a b i l i t y  j~he 
l i t h i a t i o n  o f  a r o m a t i c  rings.~ H o w e v e r  a  r e c e n t  p a p e r  b y  M e y e r s  e t  al~ 
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r e p o r t e d  t h a t  1 - a n d  2 - n a p h t h y l  o x a z o l i n e s  w h e n  t r e a t e d  w i t h  
o r g a n o l i t h i u m  r e a g e n t s  a f f o r d e d  1 , 4  a d d i t i o n  p r o d u c t s  r a t h e r  t h a n  
o r t h o - l i t h i a t i o n ,  t h i s  b e i n g  d u e  t o  t h e  d e c r e a s e  i n  a r o m a t i c i t y  i n  t h e  
n a p h t h a l e n e  r i n g s .  I n  t h e  l i g h t  o f  t h e s e  M i c h a e l  t y p e  a d d i t i o n  p r o d u c t s  
w i t h  o x a z o l i n e s ,  a  f u r t h e r  p o s s i b i l i t y  m a y  b e  a s  a n  N - s u b s t i t u t e d  a m i d e  
w h i c h  s h o u l d ,  w i t h  t h e  r e m o v a l  o f  t h e  a m i d e  p r o t o n ,  p r e v e n t  a n y  a d d i t i o n  
p r o d u c t s  f o r m i n g  b o t h  t o  t h e  a m i d e  a n d  a r o m a t i c  r i n g .  T h e n  a  s e c o n d  
e q u i v a l e n t  o f  a n  o r g a n o l i t h i u m  r e a g e n t  c o u l d  g i v e  t h e  o r t h o - l i t h i a t e d  
p r o d u c t .  A s  y e t  t h e s e  p o s s i b i l i t i e s  h a v e  n o t  b e e n  f u l l y  t e s t e d  a n d  h o l d  
p o t e n t i a l  f o r  f u r t h e r  w o r k .  
A l t h o u g h  t h e  s y n t h e s i s  o f  a p l y s u l p h u r i n  h a s  n o t  b e e n  c o m p l e t e d  s o m e  
i n t e r e s t i n g  c h e m i s t r y  h a s  b e e n  o b s e r v e d  i n  s y s t e m s  t h a t  h a v e  n o t  o t h e r w i s e  
b e e n  i n v e s t i g a t e d .  
I n  t h e  a r y l a t i o n  o f  t h e  p - d i k e t o n e  ( 1 5 )  o n l y  t h e  d i a r y l a t e d  p r o d u c t  
( 2 9 )  w a s  o b t a i n e d .  T h e  a - m e t h y l - p - d i k e t o n e  ( 3 5 )  t h e r e f o r e  p r e p a r e d  w a s  
f o u n d  t o  b e  u n s t a b l e  ( p r o b a b l y  o x i d i s i n g  r e a d i l y  t o  a  p e r o x i d e  w i t h  
m o l e c u l a r  o x y g e n )  a n d  h e n c e  d e e m e d  n o t  s y n t h e t i c a l l y  u s e f u l  f o r  o u r  
p u r p o s e s .  
A  n u m b e r  o f  m e t h o d s  o f  p r e p a r i n g  t h e  o - p h t h a l a l d e h y d e  ( 3 9 )  w e r e  
i n v e s t i g a t e d  i n c l u d i n g  o z o n o l y s i s  o f  t h e  n a p h t h y l s  ( 2 1 )  a n d  ( 3 8 ) ,  a n d  
o x i d a t i o n  o f  t h e  b e n z y l i c  m e t h y l  g r o u p s  o f  ( 4 1 ) .  
I n v e s t i g a t i o n s  i n t o  t h e  p r e p a r a t i o n  o f  t h e  d i a c e t o x y  p h t h a l a n  f r o m  
o - p h t h a l a l d e h y d e  ( 4 7 )  w e r e  s u c c e s s f u l ,  h o w e v e r  a p p l y i n g  t h e  m e t h o d  t o  ( 3 9 )  
g a v e  o n l y  t h e  p h t h a l i d e  ( 4 6 ) .  
P r e p a r a t i o n s  t o w a r d s  t h e  s y n t h e s i s  o f  ( 5 7 ) ,  a p l y s u l p h u r i n  m i n u s  t h e  A  
r i n g ,  f r o m  6 - m e t h o x y - a - t e t r a l o n e  a l s o  p r e s e n t e d  s o m e  i n t e r e s t i n g  
p 5 R p a r a t i v e  m e t h o d s  i n c l u d i n g  t h e  u s e  o f  l i t h i u m  c y a n i d e  t o  p r e p a r e  t h e  
n i t r i l e  ( 5 5 )  c o n v e n i e n t l y  a n d  i n  h i g h  y i e l d .  
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2 . 3  E x p e r i m e n t a l  
M i c r o a n a l y s e s  w e r e  p e r f o r m e d  b y  t h e  A u s t r a l i a n  M i n e r a l  D e v e l o p m e n t  
L a b o r a t o r i e s ,  M e l b o u r n e  a n d  a t  t h e  U n i v e r s i t y  o f  S y d n e y  f a c i l i t y .  l H  
n . m . r .  s p e c t r a  w e r e  r e c o r d e d  o n  V a r i a n  E M  3 9 0 ,  X L  l O O ,  a n d  B r u k e r  H X  2 0 0  
a n d  W M  4 0 0  s p e c t r o m e t e r s ,  w i t h  s a m p l e s  d i s s o l v e d  i n  d e u t e r o c h l o r o f o r m  
c o n t a i n i n g  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  r e f e r e n c e .  U n l e s s  o t h e r w i s e  
s t a t e d ,  l H  n . m . r .  s p e c t r a  w e r e  r e c o r d e d  o n  t h e  B r u c k e r  H X  2 0 0 .  I n f r a r e d  
s p e c t r a  w e r e  r e c o r d e d  o n  a  P e r k i n  E l m e r  2 2 1  o r  a  B i o - R a d  F T S  
s p e c t r o m e t e r .  S a m p l e s  w e r e  d o n e  a s  c h l o r o f o r m  s o l u t i o n s ,  e x c e p t  w h e r e  
o t h e r w i s e  i n d i c a t e d .  U l t r a v i o l e t  s p e c t r a  w e r e  r e c o r d e d  o n  a  H i t a c h i  
1 5 0 - 2 0  s p e c t r o m e t e r  a s  e t h a n o l  s o l u t i o n s .  
E l e c t r o n  i m p a c t  m a s s  s p e c t r a  w e r e  r e c o r d e d  o n  a n  A E I  M S 9  s p e c t r o m e t e r  
a t  7 0  e V  w h i c h  w a s  c o n n e c t e d  t o  a  D S  3 9 0  d a t a  h a n d l i n g  s y s t e m  w h e n  h i g h  
r e s o l u t i o n  s p e c t r a  w e r e  r e q u i r e d .  
T h i n - l a y e r  c h r o m a t o g r a p h y  ( t . l . c . )  w a s  c a r r i e d  o u t  o n  s i l i c a  g e l  ( M e r c k  
H F 2 5 4  o r  P F 2 5 4 + 3 6 0 ) .  M e r c k  s i l i c a  g e l  6 0  ( 2 3 0 - 4 0 0  m e s h  A S T M )  w a s  u s e d  f o r  
f l a s h  c h r o m a t o g r a p h y .  M e r c k  s i l i c a  g e l  ( 6 0  P F 2 5 4  g i p s h a l t i g )  w a s  u s e d  f o r  
p r e p a r a t i v e  c e n t r i f u g a l  c h r o m a t o g r a p h y  ( C h r o m a t o t r o n  m o d e l  7 9 2 4  H a r r i s o n  
R e s e a r c h  U . S . A . ) .  
M e l t i n g  p o i n t s  w e r e  r e c o r d e d  o n  a  R e i c h e r t  m e l t i n g  p o i n t  s t a g e  a n d  a r e  
u n c o r r e c t e d .  
T e t r a h y d r o f u r a n  w a s  p r e d r i e d  o v e r  s o d i u m  a n d  t h e n  s t o r e d  o v e r  s o d i u m  
a n d  s o d i u m  h y d r i d e  i n  t h e  p r e s e n c e  o f  b e n z o p h e n o n e  under~trogen. P r i o r  
t o  u s e ,  t h e  t e t r a h y d r o f u r a n  w a s  d i s t i l l e d  i n t o  t h e  r e a c t i o n  v e s s e l  u n d e r  
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n i t r o g e n .  L i g h t  p e t r o l e u m  r e f e r s  t o  t h e  f r a c t i o n  o f  b . p .  6 0 - 6 5 · .  
2 , 2 - D i m e t h y l - 4 - c y a n o b u t a n a l  ( 2 2 )  
A  s o l u t i o n  o f  i s o b u t y r a l d e h y d e  ( 5 0 0  g )  a n d  a c r y l o n i t r i l e  ( 5 0 0  g )  w i t h  
h y d r o q u i n o n e  ( 1 . 0  g )  u n d e r  a  n i t r o g e n  a t m o s p h e r e  w a s  h e a t e d  t o  r e f l u x  
w h e r e u p o n  a  s o l u t i o n  o f  p o t a s s i u m  c y a n i d e  i n  a c r y l o n i t r i l e  ( 2 5 %  w / v ,  5 0  
m l )  w a s  a d d e d  s l o w l y ,  k e e p i n g  t h e  r e a c t i o n  u n d e r  c o n t r o l .  W h e n  a l l  t h e  
p o t a s s i u m  c y a n i d e  s o l u t i o n  h a d  b e e n  a d d e d ,  t h e  c o n t e n t s  w e r e  f u r t h e r  
h e a t e d ,  k e e p i n g  t h e  t e m p e r a t u r e  b e t w e e n  8 0 - 9 0 ·  f o r  1 . 5  h .  T h e  s o l u t i o n  
w a s  t h e n  c o o l e d ,  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  ( 1 0  M ) ,  t h e  c r u d e  
m i x t u r e  f i l t e r e d  a n d  t h e  p r o d u c t  e x t r a c t e d  i n t o  e t h e r .  
T h e  e t h e r  e x t r a c t s  w e r e  t h e n  d r i e d  o v e r  m a g n e s i u m  s u l p h a t e ,  t h e  
s o l v e n t  r e m o v e d ,  t o l u e n e  ( 2 5 0  m l )  a d d e d  a n d  t h e n  f r a c t i o n a l l y  d i s t i l l e d  t o  
y i e l d  t h e  p r o d u c t  a s  a  c l e a r  o i l  ( 6 8 5  g ,  7 9 % ) ,  b . p .  1 0 2 - 1 0 6 · / 2  m m  H g  
( l i t .
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1 0 6 - l 0 8 · / w a t e r  p u m p  p r e s s u r e ) .  I H  n . m . r .  ( 1 0 0  M H z )  a  1 . 0 0 ,  s ,  6 H ,  
2  x  e H
3
;  1 . 7 4 ,  t ,  J  8  H z ,  2 H ,  e~e(eH3)2; 2 . 2 2 ,  t ,  J  8  H z ,  2 H ,  eH2e~eN; 
9 . 3 0 ,  s ,  e H O .  
2 , 2 - D i m e t h y l g l u t a r i c  a c i d  ( 2 3 )  
2 , 2 - D i m e t h y l - 4 - c y a n o b u t a n a l  ( 5 . 0  g ) ,  n i t r i c  a c i d  ( 7 0 % ,  1 7 0  m l )  a n d  
s u l p h u r i c  a c i d  ( 9 8 % ,  2 6  m l )  w e r e  h e a t e d  u n t i l  b r o w n  f u m e s  w e r e  e v o l v e d .  
T h e  s o l u t i o n  w a s  t h e n  c o o l e d  t o  4 0 ·  a n d  t h e  r e m a i n i n g  q u a n t i t y  o f  t h e  
c y a n o a l d e h y d e  ( 2 2 )  ( 3 4 5  g )  w a s  a d d e d  S l o w l y ,  m a i n t a i n i n g  t h e  t e m p e r a t u r e  
b e t w e e n  3 5 - 4 0 · .  T h e  s o l u t i o n  w a s  t h e n  l e f t  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e  
t h e n  h e a t e d  f o r  2  h  a t  7 0 ·  a n d  a g a i n  l e f t  o v e r n i g h t ,  t h e  c r u d e  p r o d u c t  
c r y s t a l l i s i n g  o u t .  T h e  s o l i d  p r o d u c t  w a s  f i l t e r e d  o f f  a n d  w a s h e d  w i t h  
h y d r o c h l o r i c  a c i d  ( 1 0  M ,  2 0 0  m l ) .  A  s e c o n d  c r o p  w a s  a l s o  c o l l e c t e d  b y  t h e  
.  ~aporation o f  t h e  m o t h e r  l i q u o r .  T h e  c o m b i n e d  c r o p s  w e r e  t h e n  d r i e d  
y i e l d i n g  a  w h i t e  p o w d e r  ( 3 3 8  g ,  7 5 % ) ,  m . p .  8 4 - 8 5 '  ( l i t .
9  
m . p . 8 4 - 8 S · ) .  I H  
2 3 1  
n . m . r .  ( 1 0 0  M H z )  0  1 . 2 0 ,  s ,  6 H ,  2  x  C H
3
;  1 . S 6 ,  t ,  J  7 . 5  H z ,  2 H ,  C~C(CHS)2; 
2 . 3 6 ,  t ,  J  7 . 5  H z ,  2 H ,  C~C02H; 1 0 . 3 1 ,  b s ,  C O O H .  
2 , 2 - D i m e t h y l g l u t a r i c  a n h y d r i d e  ( 2 4 )  
2 , 2 - D i m e t h y l g l u t a r i c  a c i d  ( 1 0 0  g )  a n d  a c e t y l  c h l o r i d e  ( 7 0  m l )  w e r e  
s t i r r e d  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e .  T h e  e x c e s s  a c e t y l  c h l o r i d e  w a s  
t h e n  r e m o v e d  b y  d i s t i l l a t i o n  a n d  t h e  c r u d e  p r o d u c t  d i s t i l l e d  t o  y i e l d  a  
c l e a r  g l a s s  o n  s o l i d i f i c a t i o n  ( 5 5  g ,  6 3 % )  ( b p  9 0 - 9 S · / 0 . 0 4  m m  H g )  
m . p . 3 6 - 3 S ·  ( l i t .
9
3 S - 4 0 · ) .  I H  n . m . r .  ( 9 0  M H z )  0  1 . 3 5 ,  s ,  6 H ,  2  x  C H
3
;  
1 . S 4 ,  J  6 . 0  H z ,  2 H ,  C~C(CH3)2; 2 . 7 S ,  t ,  J  6  H z ,  2 H ,  C~COO. 
M o n o m e t h y l  4 , 4 - a n d  2 , 2 - d i m e t h y l g l u t a r a t e  ( 2 5 )  a n d  ( 2 5 A )  
2 , 2 - D i m e t h y l g l u t a r i c  a n h y d r i d e  ( 2 0  g )  a n d  m e t h a n o l  ( S . 5  m l )  w e r e  
r e f l u x e d  f o r  1 . 2 5  h .  T h e  s o l u t i o n  w a s  t h e n  c o o l e d  t o  r o o m  t e m p e r a t u r e  a n d  
t h e  p r o d u c t  e x t r a c t e d  i n t o  s o d i u m  h y d r o g e n c a r b o n a t e  s o l u t i o n  ( 1 0 % ,  3  x  5 0  
m l ) .  T h e  c o m b i n e d  c a r b o n a t e  e x t r a c t s  w e r e  t h e n  a c i d i f i e d  w i t h  
h y d r o c h l o r i c  a c i d  ( 3  M )  t o  p H  3 . 4  a n d  t h e  p r o d u c t  e x t r a c t e d  i n t o  e t h e r .  
T h e  c o m b i n e d  e t h e r  e x t r a c t s  w e r e  t h e n  d r i e d  w i t h  a n h y d r o u s  m a g n e s i u m  
s u l p h a t e ,  t h e  s o l v e n t  r e m o v e d  a n d  t h e  c r u d e  p r o d u c t  d i s t i l l e d  t o  y i e l d  a  
c l e a r  o i l  ( l S . S  g ,  7 6 . 7 % )  b . p . 9 0 - l 0 0  ' / 0 . 0 7  m m  H g  ( l i t .
9  
1 2 0 ' / 1 . 6  m m  
H g ) .  I H  n . m . r .  ( 1 0 0  M H z )  ( b o t h  i s o m e r s )  0  1 . 2 2 ,  s ,  l 2 H ,  4  x  C H S ;  1 . 2 - 1 . 7 ,  
m ,  S H ,  4  x  C~; 3 . 6 7 ,  s ,  6 H ,  2  x  O C H
3
;  1 0 . S ,  b s ,  O H .  
4 - M e t h y l - 4 - m e t h o x y c a r b o n y l p e n t a n o y l  c h l o r i d e  ( 2 6 )  a n d  ( 2 6 A )  
T h e  m e t h y l  e s t e r  ( 2 5 )  a n d  ( 2 5 A )  ( 7 0  g )  w a s  s t i r r e d  w i t h  t h i o n y l  
c h l o r i d e  ( 1 0 0  m l )  f o r  2 6  h .  T h e  e x c e s s  t h i o n y l  c h l o r i d e  w a s  r e m o v e d  b y  
d i s t i l l a t i o n  a n d  t h e  p r o d u c t  d i s t i l l e d  t o  y i e l d  a  c l e a r  o i l  ( 7 4  g ,  9 6 % )  
b . p . 6 5 - 7 0 · / 1 . 0  m m  H g  ( l i t .
9  
7 0 ' /  1 . 2  m m  H g )  l H  n . m . r .  ( 1 0 0  M H z )  0  1 . 2 1  a n d  
1 . 3 2 ,  s ,  l 2 H ,  C(C~)2COCl a n d  C(C~)2COOCH3; 1 . S 7 ,  m ,  4 H ,  C~C(CH3)2; 2 . 1 5 ,  
2 3 2  
t ,  J  7 . 5  H z ,  2 H ,  C~CO; 2 . 6 2 ,  t ,  J  7 . 5  H z ,  2 H ,  C~CO; 3 . 6 9 ,  s ,  6 H ,  2  x  O~. 
M e t h y l  4 , 4 - a n d  2 , 2 - d i m e t h y l - 5 - o x o h e x a n o a t e  ( 2 7 )  a n d  ( 2 7 A )  
T o  a c t i v a t e d  m a g n e s i u m  ( 1 . 4 1  g ,  0 . 0 5 8  m o l )  i n  d r y  e t h e r  ( 1 0  m l )  u n d e r  
n i t r o g e n  a n d  s t i r r e d  w i t h  a  m e c h a n i c a l  s t i r r e r ,  m e t h y l  i o d i d e  ( 4 . 0  m l ,  
0 . 0 6 4  m o l )  i n  e t h e r  ( 1 0  m l )  w a s  a d d e d  s l o w l y ,  m a i n t a i n i n g  a  s t e a d y  
r e f l u x .  A f t e r  a l l  t h e  m e t h y l  i o d i d e  h a d  b e e n  a d d e d ,  t h e  m i x t u r e  w a s  
s t i r r e d  f o r  a  f u r t h e r  0 . 5  h ,  t h e n  c o o l e d  i n  a n  i c e  b a t h .  T h e n  t o  t h e  
v i g o r o u s l y  s t i r r e d  G r i g n a r d  s o l u t i o n ,  c a d m i u m  c h l o r i d e  ( 5 . 6 8  g ,  0 . 0 3 1  
m o l ) ,  p r e v i o u s l y  d r i e d  a t  l O O '  f o r  t h r e e  d a y s ,  w a s  a d d e d  s l o w l y .  A f t e r  
t h e  a d d i t i o n  w a s  c o m p l e t e  t h e  m i x t u r e  w a s  f u r t h e r  s t i r r e d  a t  r o o m  
t e m p e r a t u r e  f o r  1  h .  T h e  e t h e r  w a s  t h e n  r e m o v e d  b y  d i s t i l l a t i o n  a n d  t h e  
r e s i d u e  t a k e n  u p  i n  d r y  b e n z e n e  ( 2 0  m l )  a n d  f u r t h e r  d i s t i l l e d  u n t i l  1 0  m l  
o f  b e n z e n e  w a s  r e m o v e d .  B e n z e n e  ( 2 0  m l )  w a s  f u r t h e r  a d d e d  a n d  t h e  
r e a c t i o n  m i x t u r e  c o o l e d  t o  0 ' ,  T h e  a c y l  c h l o r i d e  m i x t u r e  ( 2 6 )  a n d  ( 2 6 A )  
( 1 0  g ,  0 . 0 5 2  m o l )  i n  b e n z e n e  ( 2 0  m l )  w a s  t h e n  a d d e d  s l o w l y  t o  t h e  
v i g o r o u s l y  s t i r r e d  c a d m i u m  r e a g e n t .  A f t e r  t h e  a d d i t i o n  o f  t h e  a c y l  
c h l o r i d e  w a s  c o m p l e t e  t h e  m i x t u r e  w a s  h e a t e d  a t  r e f l u x  f o r  1  h  a n d  t h e n  
c o o l e d  t o  0 '  w h e r e u p o n  s u l p h u r i c  a c i d  ( 3  M ,  5 0  m l )  w a s  a d d e d  a n d  f u r t h e r  
s t i r r e d  f o r  1  h .  T h e  p r o d u c t  w a s  t h e n  e x t r a c t e d  i n t o  e t h e r ,  t h e  
e t h e r J b e n z e n e  e x t r a c t  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l p h a t e ,  t h e  s o l v e n t  
r e m o v e d  a n d  t h e  c r u d e  p r o d u c t  d i s t i l l e d  t o  y i e l d  a  s l i g h t l y  y e l l o w  o i l  
( 6 . 6 1  g ,  7 4 % )  b . p . 7 0 - 7 8 ' / 1 . 6  m m  H g  ( l i t .
9  
7 2 ' / 2  m m  H g ) .  I H  n . m . r .  ( 1 0 0  
M H z )  ( b o t h  i s o m e r s )  6  1 . 1 2  a n d  1 . 1 5 ,  s ,  1 2 H ,  C(C~)2CO a n d  C(C~)2C02CH3; 
1 . 6 8 - 1 . 9 8 ,  m ,  4 H ,  2  x  C~C(CH3)2; 2 . 0 5 - 2 . 3 8 ,  m m ,  1 0 H ,  COC~, CH302CC~, 2  x  
COC~; 3 . 6 4 ,  s ,  6 H ,  2  x  O C H
3
.  
M e t h y l  4 , 4 - a n d  2 , 2 - d i m e t h y l - 5 - o x o h e p t a n o a t e  ( 3 4 )  a n d  ( 3 4 A )  
2 3 3  
T o  a c t i v a t e d  m a g n e s i u m  ( 1 . 4 1  g ;  0 . 0 5 8  m o l )  i n  d r y  e t h e r  ( 1 0  m l )  u n d e r  
n i t r o g e n ,  a n d  s t i r r e d  w i t h  a  m e c h a n i c a l  s t i r r e r ,  e t h y l  b r o m i d e  ( 7 . 8 5  m l ,  
0 . 0 6  m o l )  i n  d r y  e t h e r  ( 1 0  m l )  w a s  a d d e d  s l o w l y  m a i n t a i n i n g  a  s t e a d y  
r e f l u x .  A f t e r  a l l  t h e  e t h y l  b r o m i d e  h a d  b e e n  a d d e d ,  t h e  m i x t u r e  w a s  
s t i r r e d  f o r  a  f u r t h e r  0 . 5  h ,  t h e n  c o o l e d  i n  a n  i c e  b a t h .  T h e n  t o  t h e  
v i g o r o u s l y  s t i r r e d  G r i g n a r d  s o l u t i o n ,  c a d m i u m  b r o m i d e  ( 8 . 4 4  g ,  0 . 0 3 1  m o l )  
p r e v i o u s l y  d r i e d  a t  l O O '  f o r  t h r e e  d a y s  w a s  a d d e d  s l o w l y .  A f t e r  t h e  
a d d i t i o n  w a s  c o m p l e t e  t h e  m i x t u r e  w a s  f u r t h e r  s t i r r e d  a t  r o o m  t e m p e r a t u r e  
f o r  1  h .  T h e  e t h e r  w a s  t h e n  r e m o v e d  b y  d i s t i l l a t i o n  a n d  t h e  r e s i d u e  t a k e n  
u p  i n  d r y  b e n z e n e  ( 2 0  m l )  a n d  f u r t h e r  d i s t i l l e d  u n t i l  1 0  m l  o f  b e n z e n e  w a s  
r e m o v e d .  B e n z e n e  ( 2 0  m l )  w a s  f u r t h e r  a d d e d  a n d  t h e  r e a c t i o n  m i x t u r e  
c o o l e d  t o  0 ' .  T h e  a c y l  c h l o r i d e  m i x t u r e  ( 2 6 )  a n d  ( 2 6 A )  ( 1 0  g ,  0 . 0 5 2  m o l )  
i n  b e n z e n e  ( 2 0  m l )  w a s  t h e n  a d d e d  s l o w l y  t o  t h e  v i g o r o u s l y  s t i r r e d  c a d m i u m  
r e a g e n t ,  A f t e r  t h e  a d d i t i o n  o f  t h e  a c y l  c h l o r i d e  w a s  c o m p l e t e  t h e  m i x t u r e  
w a s  h e a t e d  a t  r e f l u x  f o r  1  h  a n d  t h e n  c o o l e d  t o  0 '  w h e r e u p o n  s u l p h u r i c  
a c i d  ( 3  M ,  5 0  m l )  w a s  a d d e d  a n d  f u r t h e r  s t i r r e d  f o r  1  h .  T h e  p r o d u c t  w a s  
t h e n  e x t r a c t e d  i n t o  e t h e r ,  t h e  e t h e r ( b e n z e n e  e x t r a c t  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l p h a t e ,  t h e  s o l v e n t  r e m o v e d  a n d  t h e  c r u d e  p r o d u c t  d i s t i l l e d  t o  
y i e l d  a  c l e a r  o i l  ( 7 . 4 3  g ,  7 7 % )  b . p . 9 5 ' / 1 . 0  m m  H g .  ( F o u n d :  C ,  6 4 . 3 ;  H  
9 . 9 .  C w H m 0 3  r e q u i r e s  C ,  6 4 . 5 ;  H ,  9 . 7 % )  ~uux: 2 7 8 . 4  «  0 . 1 8 ) ,  2 0 2 . 4  «  
0 . 7 2 )  n m .  ' u u x ( l i q u i d  f i l m ) :  2 9 7 5 ,  1 7 4 0 ,  1 7 1 0 ,  1 2 0 0 ,  1 1 4 0  c m - I .  I H  n . m . r .  
( 1 0 0  M H z )  6  0 . 9 7  a n d  0 . 9 9 ,  t ,  J  7  H z  a n d  7  H z ,  2  x  C~, 6 H ,  C(CH3)2COCH2C~ 
a n d  CH2COC~C~; 1 . 1 4  a n d  1 . 1 8 ,  s ,  1 2 H ,  C(C~)2CO a n d  C(C~)2C02CH3; 
1 . 6 5 - 1 . 9 0 ,  m ,  4 H ,  C~C(C~)2; 2 . 0 5 - 2 . 3 0 ,  m ,  4 H ,  COC~2CH2 a n d  CH302CC~CH2; 
2 . 4 8  a n d  2 . 5 2 ,  q ,  J  7  H z  a n d  7  H z ,  4 H ,  C(CH3)2COC~CH3 a n d  CH2COC~CH3; 3 . 6 5  
a n d  3 . 6 6 ,  s ,  6 H ,  2  x  OC~. M a s s  s p e c t r u m  m / z  1 5 7 ( 4 % ) ,  1 5 5 ( 4 ) ,  1 2 9 ( 2 6 ) ,  
1 1 5 ( 1 7 ) ,  9 7 ( 6 1 ) ,  6 9 ( 1 0 0 ) .  
4 , 4 - D i m e t h y 1 c y c 1 0 h e x a n e - 1 , 3 - d i o n e  ( 1 5 )  
.~ 
2 3 4  
T o  p o w d e r e d  s o d i u m  ( 0 . 6 7  g )  i n  d r y  e t h e r  ( 2 0  m l ) ,  m e t h a n o l  ( 2  m l )  w a s  
a d d e d  a n d  t h e n  s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  2 4  h .  T h e  m e t h y l  k e t o n e  
( 2 7 )  a n d  ( 2 7 A )  ( 5  g )  w a s  t h e n  a d d e d  a n d  s t i r r i n g  c o n t i n u e d  f o r  a  f u r t h e r  2  
h .  T h e  r e s u l t i n g  m i x t u r e  w a s  t h e n  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  ( 3  M ) ,  
e x t r a c t e d  w i t h  e t h e r ,  t h e  e t h e r  e x t r a c t  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  
s u l p h a t e  a n d  t h e  s o l v e n t  r e m o v e d .  L i g h t  p e t r o l e u m  ( 2  m l )  w a s  t h e n  a d d e d  
t o  t h e  r e s u l t i n g  o i l ,  v i g o r o u s l y  s h a k e n  a n d  t h e n  a l l o w e d  t o  s t a n d ,  
a l l o w i n g  t h e  p r o d u c t  t o  c r y s t a l l i s e .  T h e  p r o d u c t  w a s  t h e n  f i l t e r e d  o f f  
a n d  r e c r y s t a l l i z e d  f r o m  e t h y l  a c e t a t e /  l i g h t  p e t r o l e u m  t o  y i e l d  w h i t e  
n e e d l e  c r y s t a l s  ( 2 . 2 9  g ,  7 1 % )  m . p .  1 0 4 - 1 0 5 '  ( l i t .
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l 0 5 · ) .  l H  n . m . r .  ( 1 0 0  
K H z )  6  1 . 1 5  a n d  1 . 2 2 ,  s ,  6 H ,  C ( C H
3
) 2 ;  2 . 0 0 - 1 . 7 0 ,  m ,  C~C(C~)2; 2 . 7 5 - 2 . 3 5 ,  
m ,  OCC~; 3 . 4 6 ,  s ,  5 . 3 S ,  s ,  6 . S 6 ,  s ,  2 H .  
2 , 4 , 4 - T r i m e t h y l c y c l o h e x a n e - l , 3 - d i o n e  ( 3 5 ) .  
T o  p o w d e r e d  s o d i u m  ( 0 . 6 2  g )  i n  e t h e r  ( 2 0  m l ) ,  m e t h a n o l  ( 2  m l )  w a s  
a d d e d  a n d  s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  2 4  h .  T h e  e t h y l  k e t o n e  ( 3 4 )  ( 5  
g )  w a s  t h e n  a d d e d  a n d  s t i r r i n g  c o n t i n u e d  f o r  a  f u r t h e r  2  h .  T h e  r e s u l t i n g  
m i x t u r e  w a s  t h e n  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  ( 3  M ) ,  e x t r a c t e d  w i t h  
e t h e r ,  t h e  e t h e r  e x t r a c t s  d r i e d  o v e r  m a g n e s i u m  s u l p h a t e  a n d  t h e  s o l v e n t  
r e m o v e d .  L i g h t  p e t r o l e u m  ( 2  m l )  w a s  t h e n  a d d e d  t o  t h e  r e s u l t i n g  o i l ,  
v i g o r o u s l y  s h a k e n  a n d  t h e n  a l l o w e d  t o  s t a n d ,  a l l o w i n g  t h e  p r o d u c t  t o  
c r y s t a l l i s e .  T h e  p r o d u c t  w a s  t h e n  f i l t e r e d  o f f  a n d  r e c r y s t a l l i s e d  f r o m  
e t h y l  a c e t a t e / l i g h t  p e t r o l e u m  t o  y i e l d  a n  u n s t a b l e  c l e a r  c r y s t a l l i n e  s o l i d  
( 2 . 9 0  g ,  7 0 % )  m . p .  1 1 5 - 1 1 6 '  w i t h  p r i o r  s o f t e n i n g  a t  1 0 4 - l 0 S · .  ( F o u n d :  
1 5 4 . 1 0 0 6 .  C~1402 r e q u i r e s  1 5 4 . 0 9 9 4 ) .  A~ 2 6 1  n m  «  9 1 ) .  P
n m x  
( n u j o l  
m u l l )  3 7 0 0 - 2 3 0 0  b r ,  l 5 S 0 ,  1 4 6 0 ,  1 3 S 0 ,  1 3 5 5 ,  1 0 9 5  c m - I .  I H  n . m . r .  ( 1 0 0 K H z )  
6  1 . S S - 1 . 1 0 ,  m ,  3  x  M e ,  1  x  C H
2
;  2 . 5 5 ,  t ,  J  6  H z ,  COC~CH2; 3 . 7 2  a n d  6 . 0 S ,  
q  a n d  b s  r e s p e c t i v e l y ,  l H .  M a s s  s p e c t r u m :  m j z  1 5 4  ( 5 5 % ) ,  1 2 6  ( 1 7 ) ,  1 1 1  
( 2 5 ) ,  9 S  ( 1 0 0 ) ,  S 3  ( 2 6 ) ,  7 0  ( S O ) ,  5 6  ( S I ) .  
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2 , 2 - B i s ( 6 - m e t h o x y - 2 - n a p h t h y l ) - 4 , 4 - d i m e t h y l c y c l o h e x a n e - l , 3 - d i o n e  ( 2 9 )  
A  s o l u t i o n  o f  4 , 4 - d i m e t h y l c y c l o h e x a n e - l , 3 - d i o n e  ( 5 2 . 7  m g ,  0 . 3 7 6  m m o l ) ,  
6 - m e t h o x y - 2 - n a p h t h y l l e a d  t r i a c e t a t e  ( 2 0 4  m g ,  0 . 3 7 7  m m o l )  a n d  p y r i d i n e  
( 0 . 0 3  m g ,  0 . 3 7 6  m m o l )  i n  c h l o r o f o r m  ( 1 0  m l )  w e r e  s t i r r e d  f o r  2 4  h  a t  4 0 ·  
( t h e  r e a c t i o n  m i x t u r e  b e i n g  m o n i t o r e d  b y  t . 1 . c ) .  A f t e r  2 4  h  t h e  s o l u t i o n  
w a s  d i l u t e d  w i t h  c h l o r o f o r m  ( 1 0  m 1 ) ,  s u l p h u r i c  a c i d  ( 3  M ,  1 5  m l )  w a s  a d d e d  
a n d  t h e  s o l u t i o n  f i l t e r e d .  T h e  r e s i d u e  w a s  w a s h e d  w i t h  c h l o r o f o r m  ( 2  x  5  
m 1 ) ,  t h e  c o m b i n e d  c h l o r o f o r m  e x t r a c t s  d r i e d  w i t h  a n h y d r o u s  m a g n e s i u m  
s u l p h a t e  a n d  t h e  s o l v e n t  r e m o v e d .  E t h e r  ( 2  m l )  w a s  t h e n  a d d e d  a n d  t h e  
p r e c i p i t a t e  f i l t e r e d .  T h e  p r e c i p i t a t e  w a s  t h e n  d i s s o l v e d  i n  c h l o r o f o r m ,  
f i l t e r e d  t h r o u g h  f l a s h  s i l i c a  g e l ,  t h e  s o l v e n t  r e m o v e d  a n d  t h e  r e s u l t i n g  
s o l i d  r e c r y s t a l l i s e d  f r o m  e t h e r / d i c h l o r o m e t h a n e  t o  y i e l d  f i n e  c l e a r  
d i a m o n d  c r y s t a l s  ( 6 3 . 8  m g ,  7 5 % )  m . p .  2 1 6 - 2 1 8 · .  ( F o u n d :  C ,  7 9 . 7 ;  H  6 . 3 .  
~04 r e q u i r e s :  C  7 9 . 6 ;  H ,  6 . 2 ) .  ~nmx ( E t O H )  3 3 0 . 0 ,  2 2 6 . 0  n m  •  6 9 1 . 5 ,  
1 6 5 0 3 .  ' n a x  2 9 6 0 ,  1 7 2 5 ,  1 6 9 5 ,  1 6 3 5 ,  1 6 0 5 ,  1 4 8 0 ,  1 3 9 0 ,  1 2 6 5 ,  1 0 3 0 ,  8 5 0  
c m - I .  I H  n . m . r .  ( 1 0 0  M H z )  6  1 . 2 7 ,  s ,  C(~)2; 1 . 7 3 ,  t ,  J  7  H z ,  C~C(CH3)2; 
2 . 8 6 ,  t ,  J  7  H z ,  COC~; 3 . 8 9 ,  s ,  2  x  OC~; 6 . 9 0 - 7 . 9 0 ,  m ,  1 2 H ,  A r H .  M a s s  
s p e c t r u m  m / z  4 5 2 ( 1 0 0 % ) ,  4 2 4 ( 3 5 ) ,  3 9 8 ( 2 ) ,  3 6 9 ( 3 ) ,  3 4 0 ( 5 ) ,  3 2 8 ( 7 ) ,  3 2 7 ( 3 3 ) ,  
3 2 6 ( 1 0 ) ,  2 5 2 ( 8 ) ,  2 3 9 ( 1 3 ) ,  2 1 1 ( 1 9 ) ,  1 6 3 ( 3 7 ) .  
6 - B r o m o - 2 - m e t h o x y n a p h t h a 1 e n e  ( 3 1 )  
6 - B r o m o - 2 - n a p h t h o 1  w a s  p r e p a r e d  f r o m  ~-naphthol u s i n g  t h e  m e t h o d  o f  
Koe1sch.~ M e t h y l a t i o n  o f  6 - b r o m o - 2 - n a p t h o 1  ( 5 0  g )  w a s  c a r r i e d  o u t  u s i n g  
t h e  m e t h o d  o f  K i d w e l l  e t  a 1  . .  D  t o  g i v e  6 - b r o m o - 2 - m e t h o x y n a p h t h a l e n e  w h i c h  
w a s  p u r i f i e d  b y  d i s t i l l a t i o n ,  b . p . 1 1 4 - 1 2 0 · / 0 . 2 5  m m  H g  t o  y i e l d  a  h a r d  w a x  
( 3 8  g ,  7 1 % )  m . p . 1 0 2 - 1 0 8 ·  ( l i t .
D  
1 0 1 . 5 - 1 0 3 · ) .  T h e  h a r d  w a x  w a s  t h e n  
r e c r y s t a l l i s e d  f r o m  acetone/wat.~ t o  y i e l d  a  w h i t e  p o w d e r  ( 3 7  g ,  6 9 % )  
m . p . 1 0 7 - 1 0 8 ·  .  
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6 - M e t h o x y - 2 - n a p h t h y l t r i b u t y l s t a n n a n e  ( 3 2 )  
6 - M e t h o x y - 2 - n a p h t h y l m a g n e s i u m  b r o m i d e  w a s  p r e p a r e d  u s i n g  t h e  m e t h o d  o f  
K i d w e l l  e t  s l . U  a n d  t r e a t e d  w i t h  c h l o r o t r i b u t y l s t a n n a n e  a c c o r d i n g  t o  t h e  
g e n e r a l  m e t h o d  o f  E a b o r n  e t  s l . M  t o  g i v e  
6 - m e t h o x y - 2 - n a p h t h y l t r i b u t y l s t a n n a n e  ( 7 4 % )  a s  a  c o l o u r l e s s  o i l  
b . p . ( K u g e l r o h r )  2 2 0 - 2 3 0 " / 0 . 1 5  m m  [ l i t .
l l  
( K u g e l r o h r )  2 3 0 " / 0 . 1  m m  H g )  
6 - M e t h o x y - 2 - n a p h t h y l e a d  t r i a c e t a t e  ( 3 3 )  
D r i e d  l e a d  t e t r a a c e t a t e  ( 1 . 0  g ,  2 . 3  m m o l )  w a s  s t i r r e d  w i t h  
6 - m e t h o x y - 2 - n a p h t h y l t r i b u t y l s t a n n a n e  ( 1 . 0  g ,  2 . 2  m m o l )  a n d  m e r c u r y  ( 1 1 )  
a c e t a t e  ( 3 6  m g ,  0 . 1 1  m m o l )  i n  c h l o r o f o r m  ( 2 0  m l )  a t  4 0 "  f o r  2  h .  T h e  
r e a c t i o n  m i x t u r e  w a s  c o o l e d ,  f i l t e r e d  t h r o u g h  c e l i t e ,  t h e  s o l v e n t  r e m o v e d  
a n d  t h e  r e s i d u a l  o i l  a l l o w e d  t o  s o l i d i f y .  L i g h t  p e t r o l e u m  ( 1 0  m l )  w a s  
a d d e d ,  a n d  t h e  p r e c i p i t a t e  w a s  f i l t e r e d  o f f  a n d  w a s h e d  w i t h  l i g h t  
p e t r o l e u m  ( 3  x  6  m l ) .  C r y s t a l l i z a t i o n  f r o m  c h l o r o f o r m / l i g h t  p e t r o l e u m  
t h e n  g a v e  6 - m e t h o x y - 2 - n a p h t h y l e a d  t r i a c e t a t e  ( 1 . 0 4  g ,  8 5 % )  a s  y e l l o w  
n e e d l e s  m . p . 1 4 6 - 1 4 8 "  ( l i t .
l l  
1 4 6 - 1 4 9 " )  I H  n . m . r .  6  2 . 1 4 ,  s ,  9 H ,  3  x  O C O C H
3
;  
3 . 9 3 ,  s ,  3 H ,  O C H
3
;  7 . 0 0 - 8 . 1 0 ,  m ,  6 H ,  A r H .  
4 - B r o m o - o - x y l e n e  
4 - B r o m o - o - x y l e n e  w a s  p r e p a r e d  f r o m  o - x y 1 e n e  ( 1 4 0  g )  a c c o r d i n g  t o  t h e  
m e t h o d  o f  W i s a n s k y  a n d  A n a b a c h e r
V  
t o  y i e l d  a  c l e a r  o i l  ( 1 5 6 . 5  g ,  6 4 % )  
b . p . 2 1 0 - 2 1 6 "  ( l i t .  V  9 2 - 9 4 " / 1 4 - 1 5  m m  H g )  
3 - ( 4 ' - o - X y 1 y 1 ) - 3 , 5 , 5 - t r i m e t h y 1 c y c 1 0 h e x a n o n e  ( 4 0 )  
4 - B r o m o - o - x y 1 e n e  ( 1 3 . 6 9  g ,  7 4  m m o 1 )  ,  l i t h i u m  f o i l  ( 1 . 0 3  g ,  1 4 8  m m o l )  
a n d  a n h y d r o u s  z i n c  b r o m i d e  ( 8 . 3 7  g ,  3 7  m m o 1 )  i n  d r y  e t h e r  ( 2 0  mJ~der 
n i t r o g e n  w e r e  s o n i c a t e d  a t  0 "  u n t i l  a l l  t h e  l i t h i u m  f o i l  w a s  c o n s u m e d  
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l e a v i n g  a  b l a c k  p r e c i p i t a t e .  S o n i f i c a t i o n  w a s  d i s c o n t i n u e d  a n d  t o  t h e  
b l a c k  s u s p e n s i o n  a  s o l u t i o n  o f  i s o p h o r o n e  ( 5 . 1 1  g ,  3 7  m m o l )  a n d  a n h y d r o u s  
N i ( a c a c ) 2  ( 0 . 1  g )  i n  d r y  e t h e r  ( 2 0  m 1 )  w a s  a d d e d  a n d  t h e n  s t i r r e d  a t  r o o m  
t e m p e r a t u r e  ( 2 0 ' )  f o r  2 4  h .  T h e  s o l u t i o n  w a s  t h e n  p o u r e d  o n t o  s a t u r a t e d  
a m m o n i u m  c h l o r i d e  s o l u t i o n  a n d  t h e  p r o d u c t  e x t r a c t e d  i n t o  e t h e r  ( 3  x  1 0 0  
m l ) ,  T h e  c o m b i n e d  e t h e r  e x t r a c t s  w e r e  w a s h e d  w i t h  w a t e r  ( 1 0 0  m 1 ) ,  b r i n e  
( 2  x  5 0  m 1 )  a n d  d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l p h a t e .  E v a p o r a t i o n  o f  t h e  
s o l v e n t  a n d  c h r o m a t o g r a p h y  o f  t h e  r e s i d u a l  o i l  o n  f l a s h  s i l i c a  g e l  w i t h  
e t h y l  a c e t a t e / l i g h t  p e t r o l e u m  ( 1 : 9 )  g a v e ,  a f t e r  r e c r y s t a l l i z a t i o n  f r o m  
l i g h t  p e t r o l e u m ,  3 - ( 4 ' - o - x y 1 y 1 ) - 3 , 5 , 5 - t r i m e t h y l c y c l o h e x a n o n e  a s  c l e a r  
c o l o u r l e s s  c r y s t a l s  ( 5 . 9  g ,  6 7 % )  m . p . 8 6 - 8 7 · .  ( F o u n d :  C ,  8 3 . 8 3 ;  H ,  1 0 . 0 6  
CI~O r e q u i r e s  C ,  8 3 . 6 1 ;  H ,  9 . 8 4  % )  A~: 2 7 5 . 6 ,  2 6 8  n m  «  4 3 1 ,  4 7 4 )  .  
•  ~: 3 0 0 0 ,  1 7 0 0 ,  1 4 5 0 ,  1 2 9 0 ,  1 2 1 5 ,  8 1 5  c m - I .  I H  n . m . r .  6  0 . 4 4 ,  s ,  3 H ,  
5Q-C~; 1 . 0 4 ,  s ,  3 H ,  5~-CH3; 1 . 3 4 ,  s ,  3 H ,  3~-CH3; 1 . 8 8 ,  d ,  J4~4Q 1 4 . 2  H z ,  
H4~; 2 . 0 3 - 2 . 3 0 ,  m ,  3 H ,  H 4 a ,  ( H 6 ) 2 ;  2 . 3 5 ,  d ,  J~.2a 1 3 . 7  H z ,  H2~; 3 . 0 3 ,  b d ,  
J~2~ 1 3 . 7  H z ,  H 2 a ;  7 . 0 2 - 7 . 1 4 ,  m ,  3 H ,  A r H .  M a s s  s p e c t r u m  ( e . i . )  m / z  
2 4 4 ( 8 6 % ) ,  2 2 9 ( 7 0 ) ,  1 8 7 ( 6 8 ) ,  1 7 3 ( 4 6 ) ,  1 4 6 ( 1 0 0 ) ,  1 3 1 ( 2 0 ) ,  9 9 ( 2 4 ) ,  6 9 ( 2 6 ) ,  
5 5 ( 3 3 ) .  
1 , 3 , 3 , - T r i m e t h y 1 - 1 - ( 3 '  , 4 ' - d i m e t h y 1 - 1 ' - p h e n y l ) c y c 1 0 h e x a n e  ( 4 1 )  
A  s o l u t i o n  o f  3 , 5 , 5 - t r i m e t h y l - 3 - ( 4 - o - x y 1 y 1 ) - c y c l o h e x a n o n e  ( 4 0 )  ( 2 . 0  g ,  
8 . 2  m m o 1 )  a n d  h y d r a z i n e  h y d r a t e  ( 4 0  m 1 )  i n  d i g o l  ( 8 0  m 1 )  w a s  r e f l u x e d  f o r  
1  h .  T h e  s o l u t i o n  w a s  c o o l e d ,  p o t a s s i u m  h y d r o x i d e  ( 1  g )  a d d e d ,  d i s t i l l e d  
u n t i l  t h e  s o l u t i o n  t e m p e r a t u r e  w a s  1 9 0 '  a n d  t h e n  f u r t h e r  r e f l u x e d  f o r  2 4  
h .  T h e  c o o l e d  s o l u t i o n  w a s  t h e n  p o u r e d  o n t o  w a t e r  ( 2 5 0  m l )  a n d  t h e  
p r o d u c t  e x t r a c t e d  i n t o  e t h e r  ( 3  x  1 0 0  m l ) .  T h e  c o m b i n e d  e t h e r  e x t r a c t s  
w e r e  w a s h e d  w i t h  w a t e r  ( 2  x  1 0 0  m 1 ) ,  b r i n e  ( 2  x  1 0 0  m l ) ,  d r i e d  o v e r  
a n h y d r o u s  s o d i u m  su!~te a n d  t h e  s o l v e n t  r e m o v e d .  T h e  r e s i d u a l  o i l  w a s  
c h r o m a t o g r a p h e d  o n  f l a s h  s i l i c a  g e l  e l u t i n g  w i t h  d i c h l o r o m e t h a n e ,  t h e n  
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d i s t i l l e d  t o  g i v e  l , 3 , 3 - t r i m e t h y 1 - 1 - ( 3 '  , 4 ' - d i m e t h y 1 - 1 - p h e n y 1 ) c y c 1 0 h e x a n e  
a s  a  c l e a r  c o l o u r l e s s  o i l  ( 1 . 8  g ,  9 5 % )  b . p . ( K u g e 1 r o h r )  1 2 0 ' / 0 , 2  m m  H g .  
( F o u n d :  2 3 0 . 2 0 3 2 .  C r r H u  r e q u i r e s  2 3 0 . 2 0 3 4 ) .  ~UYX: 3 8 8 ,  2 7 5 ,  2 6 8 ,  2 1 5  n m  «  
3 3 ,  3 0 9 ,  3 7 6 ,  9 5 1 2 ) .  ' U Y X  2 9 4 9 ,  2 9 2 4 ,  1 5 0 7 ,  1 4 6 5 ,  1 4 5 6 ,  1 3 8 6 ,  1 3 6 4 ,  9 6 7 ,  
8 1 8  c m - I .  I H  n . m . r .  ~ 0 . 4 3 ,  s ,  3 H ,  3 a - M e ;  0 . 9 1 ,  s ,  3 H ,  3~-Me; 1 . 1 3 ,  s ,  3 H ,  
l~-Me; 1 . 1 6 - 1 . 7 2 ,  m ,  5 H ,  ( H 4 ) 2 '  ( H 5 ) 2 ,  H6~; 1 . 3 7 ,  d ,  J2~~ 1 4 . 2  H z ,  H2~; 
1 . 9 6 ,  b d ,  J~.~ 1 4 . 2  H z ,  H 2 a ;  2 . 2 0 ,  m ,  H 6 a ;  2 . 2 2 ,  s ,  3 H ,  A r C H
3
;  2 . 2 5 ,  s ,  
3 H ,  A r C H
3
;  6 . 9 9 - 7 . 1 5 ,  m ,  3 H ,  A r H .  M a s s  s p e c t r u m  ( e . i . )  m / z  2 3 0 ( 8 8 % ) ,  
2 1 5 ( 1 0 0 ) ,  2 0 1 ( 9 ) ,  1 8 7 ( 1 2 ) ,  1 7 3 ( 1 3 ) ,  1 5 9 ( 7 9 ) ,  1 4 6 ( 2 4 ) ,  1 3 3 ( 9 0 ) ,  1 1 9 ( 4 9 ) ,  
1 0 9 ( 9 ) ,  6 9 ( 1 2 ) .  
l , 3 , 3 - T r i m e t h y 1 - 1 - [ 3 '  , 4 ' - b i s ( h y d r o x y m e t h y 1 ) - l ' - p h e n y 1 ) - c y c 1 0 h e x a n e  ( 4 4 )  
l , 3 , 3 - T r i m e t h y 1 - 1 - ( 3 '  , 4 ' - d i m e t h y 1 - 1 ' - p h e n y 1 ) - c y c 1 0 h e x a n e  ( 4 1 )  ( 0 . 5  g ,  
2 . 2  m m o 1 )  w a s  d i s s o l v e d  i n  c a r b o n  t e t r a c h l o r i d e  ( 2 0  m 1 ) .  
N - b r o m o s u c c i n i m i d e  ( 0 . 8 5  g ,  4 . 8  m m o 1 )  a n d  b e n z o y l  p e r o x i d e  ( 0 . 1  g )  w e r e  
a d d e d  t o  t h e  s o l u t i o n  a n d  t h e  r e a c t i o n  m i x t u r e  w a s  i l l u m i n a t e d  a n d  
r e f 1 u x e d  w i t h  a  5 0 0  W  l i g h t  g l o b e  u n t i l  a l l  t h e  s o l i d  s u s p e n s i o n  f l o a t e d  
o n  t h e  s u r f a c e .  T h e  r e a c t i o n  m i x t u r e  w a s  t h e n  c o o l e d  t o  0 '  a n d  f i l t e r e d  
t h r o u g h  c e 1 i t e .  T h e  r e s i d u e  w a s  f u r t h e r  w a s h e d  w i t h  c a r b o n  t e t r a c h l o r i d e  
( 2  x  1 0  m 1 )  a n d  t h e  s o l v e n t  r e m o v e d .  T o  t h e  r e s i d u a l  o i l  w a s  a d d e d  
d i o x a n e  ( 3 0  m 1 ) ,  w a t e r  ( 3 0  m 1 )  a n d  c a l c i u m  c a r b o n a t e  ( 7 . 5  g )  a n d  t h e  
r e a c t i o n  m i x t u r e  w a s  r e f 1 u x e d  f o r  2 4  h  w i t h  s t i r r i n g .  T h e  m i x t u r e  w a s  
t h e n  c o o l e d  a n d  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  ( 1 0  M ) .  W a t e r  ( 1 0 0  m 1 )  
w a s  a d d e d  a n d  t h e  p r o d u c t  e x t r a c t e d  i n t o  e t h e r  ( 3  x  5 0  m 1 ) .  T h e  c o m b i n e d  
e t h e r  e x t r a c t s  w e r e  w a s h e d  w i t h  w a t e r  ( 2  x  5 0  m 1 ) ,  b r i n e  ( 2  x  5 0  m 1 ) ,  
d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l p h a t e  a n d  t h e  s o l v e n t  r e m o v e d .  T h e  c r u d e  
p r o d u c t  w a s  p u r i f i e d  b y  c h r o m a t o g r a p h y  o n  f l a s h  s i l i c a  g e l  e l u t i n g  w i t h  
e t h y l  a c e t a t e  a n d  t h e n  r e c r y s t a 1 1 i z a t i o n  f r o m  l i g h t  p e 6 r o 1 e u m  g a v e  
l , 3 , 3 - t r i m e t h y 1 - 1 - [ 3 '  , 4 ' - b i s ( h y d r o x y m e t h y 1 ) - l ' - p h e n y 1 ] - c y c 1 0 h e x a n e  a s  f i n e  
n e e d l e  c r y s t a l s  ( 4 3 2  m g ,  7 6 % )  m . p . 8 8 - 8 9 · .  ( F o u n d :  C ,  7 7 . 5 9 ,  H ,  9 . 9 7  
CrrH~02 r e q u i r e s  C ,  7 7 . 8 6 ,  H ,  9 . 9 2 % ) .  A~ 2 6 4 . 0 ,  2 1 6 . 4  n m  «  3 9 5 ,  
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1 0 4 6 1 ) .  p~ 3 4 0 2  b r ,  2 9 5 4 ,  2 9 2 8 ,  1 6 1 3 ,  1 4 6 5 ,  1 4 5 5 ,  1 2 3 1 ,  1 0 1 0  c m - I .  I H  
n . m . r .  6  0 . 3 8 ,  s ,  3 H ,  3 0 - M e ;  0 . 9 1 ,  s ,  3 H ,  3~-Me; 1 . 3 4 ,  s ,  3 H ,  l~-Me; 
1 . 1 8 - 1 . 7 7 ,  m ,  5 H ,  ( H 4 ) 2 '  ( H 5 ) 2 '  H6~; 1 . 4 0 ,  d ,  J2~~ 1 3 . 7  H z ,  H 2 o ;  2 . 2 4 ,  b d ,  
J~6~ 1 4 . 2  H z ,  H 6 o ;  3 . 0 5 ,  b s ,  2 H ,  2  x  O H ;  4 . 7 0 ,  s ,  2 H ,  ArC~OH; 4 . 7 2 ,  s ,  
2 H ,  ArC~OH; 7 . 2 7 - 7 . 3 5 ,  m ,  3 H ,  A r H .  M a s s  s p e c t r u m  ( e . i . )  m / z  2 6 2 ( 7 4 ) ,  
2 6 0 ( 6 5 ) ,  2 4 7 ( 3 9 ) ,  2 4 4 ( 4 3 ) ,  2 2 9 ( 2 4 ) ,  1 9 9 ( 7 4 ) ,  1 6 5 ( 5 2 ) ,  1 4 7 ( 3 9 ) ,  1 4 3 ( 7 1 ) ,  
1 3 1 ( 4 4 ) ,  1 0 5 ( 3 2 ) ,  9 1 ( 3 3 ) ,  6 9 ( 5 6 ) ,  4 1 ( 7 0 ) .  
l , 3 , 3 - T r i m e t h y l - l - [ 3 ' , 4 ' - b i s ( d i b r o m o m e t h y l ) - l ' - p h e n y l j - c y c l o h e x a n e  ( 4 2 )  
1 , 3  , 3  , - T r i m e t h y l - l - ( 3 '  , 4 ' - d i m e t h y l - l - p h e n y l ) - c y c l o h e x a n e  ( 4 1 )  ( 0 . 5 g ,  
2 . 2  m m o l )  w a s  d i s s o l v e d  i n  c a r b o n  t e t r a c h l o r i d e  ( 2 0  m l ) .  
N - B r o m o s u c c i n i m i d e  ( 1 . 6 3  g ,  9 . 2  m m o l )  a n d  b e n z o y l  p e r o x i d e  ( 0 . 1  g )  w e r e  
a d d e d  a n d  t h e  r e a c t i o n  m i x t u r e  i l l u m i n a t e d  a n d  r e f l u x e d  w i t h  a  5 0 0  W  l i g h t  
g l o b e  u n t i l  a l l  t h e  s o l i d  s u s p e n s i o n  w a s  f l o a t i n g  o n  t h e  s u r f a c e .  T h e  
r e a c t i o n  m i x t u r e  w a s  t h e n  c o o l e d  t o  O ·  a n d  f i l t e r e d  t h r o u g h  c e l i t e .  T h e  
r e s i d u e  w a s  f u r t h e r  w a s h e d  w i t h  c a r b o n  t e t r a c h l o r i d e  ( 2  x  1 0  m l )  a n d  t h e  
s o l v e n t  r e m o v e d .  T h e  r e s i d u a l  o i l  w a s  t h e n  c h r o m a t o g r a p h e d  o n  f l a s h  
s i l i c a  g e l  e l u t i n g  w i t h  l i g h t  p e t r o l e u m  a n d  t h e  r e s u l t i n g  g u m  d i s t i l l e d  
a t  b . p . ( K u g e l r o h r )  2 2 0 ' / 0 . 3  m m  H g .  O n  s t a n d i n g  t h e  g u m  s o l i d i f i e d  t o  
y i e l d  a  s o f t  w h i t e  w a x  ( 1 . 0 2  g ,  8 6 % )  m . p . 1 1 1 - 1 1 3 · .  ( F o u n d :  C ,  3 7 . 2 1 ;  H ,  
4 . 0 1 .  C r r H 2 2 B r 4  r e q u i r e s  C ,  3 7 . 3 9 ;  H ,  4 . 0 3 % ) .  A m a x  2 1 8  n m  «  2 4 5 6 7 ) .  P m a x  
2 9 5 5 ,  2 9 3 0 ,  2 8 6 7 ,  1 6 0 6 ,  1 4 6 6 ,  1 2 4 3 ,  1 1 3 7 ,  9 6 8 ,  8 3 5 ,  6 4 9  c m - I .  I H  n . m . r .  6  
0 . 3 9 ,  s ,  3 H ,  3 0 - M e ;  0 . 9 2 ,  s ,  3 H ,  3~-Me; 1 . 1 6 ,  s ,  3 H ,  l~-Me; 1 . 1 8 - 1 . 7 0 ,  m ,  
5 H ,  ( H 4 ) 2 '  ( H 5 h ,  H6~; 1 . 4 3 ,  d ,  J~.~ 1 3 . 9  H z ,  H2~; 1 . 9 9 ,  b d ,  J~.2~ 1 3 . 9  
H z ,  H 2 o ;  2 . 2 4 ,  b d ,  J6a.6~ 1 4 . 4  H z ,  H 6 o ;  7 . 0 6 ,  b s ,  ~/z 5 . 5  H z ,  4 ' - A r C ! ! B r 2 ;  
7 . 1 9 ,  b s ,  ~; 5 . 5  H z ,  3 ' - A r C ! ! B r 2 ;  7 . 3 5 ,  m ,  H 6 ' ;  7 . 5 1 ,  m ,  H 5 ' ;  7 . 7 0 ,  b s ,  
~Iz 7 . 8  H z ,  H 2 ' .  M a s s  s p e c t r u m  ( e .  i . )  m / z  5 5 0  /  5 4 8  /  5 4 6  /  5 4 4  /  5 4 2  
2 4 0  
( a l l  <  1 % ) ,  5 3 5 /  5 3 3  /  5 3 1  /  5 2 9  /  5 2 7  ( a l l <  1 % ) ,  4 6 9  / 4 6 7  /  4 6 5  /  4 6 3  
( a l l  <  3 2 % ) ,  3 8 9  /  3 8 7  /  3 8 5  ( a l l  <  1 6 % ) ,  3 7 3  /  3 7 1  /  3 6 9  ( a l l  <  2 9 % )  3 0 7  
/  3 0 5 ( 1 0 0 % ) ,  2 0 1 ( 8 ) ,  1 2 5 ( 2 0 ) .  
A t t e m p t e d  l , 4 - M i c h a e l  A d d i t i o n  o f  6 - B r o m o - 2 - m e t h o x y n a p h t h a l e n e  v i a  
L u c h e  e t  al~J6 m e t h o d .  
B y  u s i n g  t h e  s a m e  m e t h o d  a s  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  o f  ( 4 0 ) ,  i n  
w h i c h  t h e  z i n c  r e a g e n t  o f  4 - b r o m o - o - x y l e n e  ( p r e p a r e d  b y  s o n i c a t i n g  a t  O '  a  
m i x t u r e  o f  a n h y d r o u s  z i n c  b r o m i d e ,  l i t h i u m  a n d  4 - b r o m o - o - x y l e n e  i n  e t h e r )  
w a s  r e a c t e d  w i t h  i s o p h o r o n e ,  i t  w a s  a t t e m p t e d  t o  p r e p a r e  t h e  z i n c  r e a g e n t  
o f  6 - b r o m o - 2 - m e t h o x y n a p h t h a l e n e  t h e n  r e a c t  t h i s  a l s o  w i t h  i s o p h o r o n e .  
H o w e v e r  a f t e r  1 2  h  o f  s o n i f i c a t i o n ,  a d d i t i o n  o f  i s o p h o r o n e  a n d  w o r k  u p  
o n l y  s t a r t i n g  m a t e r i a l s  w e r e  r e t r i e v e d .  U s i n g  t h e  s a m e  p r o c e d u r e  e x c e p t  
h e a t i n g  t o  4 0 '  i n  t e t r a h y d r o f u r a n  o r  i n  t e t r a h y d r o f u r a n / t o 1 u e n e  ( 5 : 1 )  a l s o  
g a v e  n o  r e a c t i o n .  A t t e m p t s  t o  p r e p a r e  t h e  z i n c  r e a g e n t  o f  1  a n d  
2 - b r o m o n a p h t h a 1 e n e  a n d  a d d  t h i s  t o  i s o p h o r o n e  i n  a  l , 4 - M i c h a e 1  a d d i t i o n  
a l s o  f a i l e d  w i t h  o n l y  s t a r t i n g  m a t e r i a l s  b e i n g  r e t r i e v e d .  
3 , 5 , 5 - T r i m e t h y l - 3 - ( 6 ' - m e t h o x y - 2 ' - n a p h t h y 1 ) - c y c l o h e x a n o n e  ( 3 7 )  
T o  6 - m e t h o x y - 2 - n a p h t h y l m a g n e s i u m  b r o m i d e ,  p r e p a r e d  u s i n g  t h e  m e t h o d  o f  
K i d w e l l  e t  a l .
D
,  [ f r o m  6 - b r o m o - 2 - m e t h o x y n a p h t h a l e n e  ( 7 . 0 9  g ,  3 0  m m o l )  ,  
m a g n e s i u m  ( 1 . 0 9  g ,  9 5  m m o l )  a n d  a n h y d r o u s  t e t r a h y d r o f u r a n  ( 5 0  m l ) ]  u n d e r  
n i t r o g e n  a n d  c o o l e d  t o  0 ' ,  w a s  a d d e d  a n h y d r o u s  z i n c  b r o m i d e  ( 3 . 3 7  g ,  1 5  
m m o l )  ( p r e p a r e d  b y  s u b l i m a t i o n  o f  h y d r a t e d  z i n c  b r o m i d e  a t  3 0 0 ' / 0 . 1  m m  H g )  
a n d  s t i r r e d  f o r  0 . 5  h .  A  s o l u t i o n  o f  i s o p h o r o n e  ( 1 8 )  ( 2 . 0 6  g ,  1 5  m m o l )  
a n d  N i ( a c a c ) 2  ( 0 . 1  g )  i n  t e t r a h y d r o f u r a n  ( 2 0  m l )  w a s  a d d e d  a n d  t h e n  t h e  
r e a c t i o n  m i x t u r e  a l l o w e d  t o  w a r m  t o  r o o m  t e m p e r a t u r e  a n d  s t i r r e d  f o r  a  
f u r t h e r  2 4  h .  T h e  r e a c t i o n  m i x t u r e  w a s  t h e n  po~onto s a t u r a t e d  
a m m o n i u m  c h l o r i d e  s o l u t i o n  a n d  t h e  p r o d u c t  e x t r a c t e d  i n t o  e t h e r  ( 3  x  5 0  
2 4 1  
m l ) .  T h e  c o m b i n e d  e t h e r  e x t r a c t s  w e r e  w a s h e d  w i t h  w a t e r  ( 1 0 0  m l ) ,  b r i n e  
( 2  x  5 0  m l )  a n d  d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l p h a t e .  E v a p o r a t i o n  o f  t h e  
s o l v e n t  a n d  c h r o m a t o g r a p h y  o f  t h e  r e s i d u a l  o i l  o n  f l a s h  s i l i c a  g e l  e l u t i n g  
w i t h  e t h y l  a c e t a t e / l i g h t  p e t r o l e u m  ( 1 : 5 )  f o l l o w e d  b y  d i s t i l l a t i o n  g a v e  
3 , 5 , 5 - t r i m e t h y l - 3 - ( 6 ' - m e t h o x y - 2 ' - n a p h t h y l ) - c y c l o h e x a n e  a s  a  s l i g h t l y  
y e l l o w  g u m  (  3 . 7 0  g ,  8 8 % )  b . p . ( K u g e l r o h r )  2 5 0 ' / 0 . 0 5  m m  H g .  ( F o u n d :  C ,  
8 1 . 0 3 ;  H ,  8 . 1 8 ;  C~02 r e q u i r e s  C ,  8 1 . 0 1 ;  H ,  8 . 1 0 % ) .  A~ 3 3 3 . 2 ,  3 1 8 . 8 ,  
2 7 1 . 2 ,  2 6 1 . 6 ,  2 3 1 . 2  «  1 8 5 3 ,  1 4 7 2 ,  5 4 5 1 ,  5 8 3 3 ,  1 4 8 5 5 ) .  .~ 2 9 5 0 ,  1 7 0 5 ,  
1 6 2 5 ,  1 6 0 0 ,  1 4 7 5 ,  1 4 5 0 ,  1 3 8 0 ,  1 2 7 0 ,  1 0 2 0 ,  8 4 0  c m - I .  I H  n . m . r .  ( 4 0 0  M H z )  6  
0 . 3 6 ,  s ,  3 H ,  5 a - M e ;  1 .  0 4 ,  s ,  3 H ,  5 1 l - M e ;  1 . 4 1 ,  s ,  3 H ,  3 1 l - M e ;  1 .  9 5 ,  d ,  J 4 1 l . 4 a  
1 4 . 2  H z ,  H 4 1 l ;  2 . 1 1 ,  d d d ,  J~61l 1 3 . 8  H z ,  J~~ 1 . 8  H z ,  J~4a 1 . 8  H z ,  H 6 a ;  
2 . 2 4 ,  d ,  J
6
1 l , 6 a  1 3 . 8  H z ,  H 6 1 l ;  2 . 3 6 ,  d d d ,  J
4 a
•
4
1 l  1 4 . 2  H z ,  J4ct,~ 1 . 8  H z ,  J
4 a
, 6 o i  
1 . 8  H z ,  H 4 a ;  2 . 4 6 ,  d ,  J 2 / l .  ~ 1 4 . 2  H z ,  H 2 1 l ;  3 . 1 8 ,  d d d ,  J~.2/l 1 4 . 2  H z ,  J 2 c i , 4 a  
1 . 8  H z ,  J 2 c i , 6 a  1 . 8  H z ,  H 2 a ;  3 . 8 9 ,  s ,  3 H ,  ArOC~; 7 . 0 6 - 7 . 7 6 ,  m ,  6 H ,  A r H .  
M a s s  s p e c t r u m  m / z  2 9 6 ( 7 9 % ) ,  2 8 1 ( 4 9 ) ,  2 3 9 ( 3 3 ) ,  2 2 5 ( 1 0 0 ) ,  1 9 8 ( 6 1 ) ,  
1 8 3 ( 2 8 ) , 1 6 7 ( 2 5 ) ,  1 5 5 ( 2 7 ) ,  1 0 5 ( 1 9 ) ,  9 1 ( 3 3 ) ,  8 3 ( 3 7 ) ,  6 9 ( 2 8 ) ,  5 5 ( 3 7 ) .  
W o l f f - K i s h n e r  R e d u c t i o n  o f  ( 3 7 )  
A  s o l u t i o n  o f  3 , 5 , 5 - t r i m e t h y l - 3 - ( 6 ' - m e t h o x y - 2 ' - n a p h t h y l ) - c y c l o h e x a n o n e  
( 3 7 )  ( 2 . 9 6  g ,  1 0  m m o l )  a n d  h y d r a z i n e  h y d r a t e  ( 2 0  m l )  i n  d i g o l  ( 1 0 0  m l )  w a s  
r e f l u x e d  f o r  1  h .  T h e  s o l u t i o n  w a s  c o o l e d ,  p o t a s s i u m  h y d r o x i d e  ( 1 . 0  g )  
a d d e d ,  d i s t i l l e d  u n t i l  t h e  s o l u t i o n  t e m p e r a t u r e  w a s  1 9 0 '  a n d  t h e n  f u r t h e r  
r e f l u x e d  f o r  5  h .  T h e  c o o l e d  s o l u t i o n  w a s  t h e n  p o u r e d  o n t o  w a t e r  a n d  t h e  
p r o d u c t  e x t r a c t e d  i n t o  e t h e r  ( 3  x  1 0 0  m l ) .  T h e  c o m b i n e d  e t h e r  e x t r a c t s  
w e r e  w a s h e d  w i t h  w a t e r  ( 2  x  1 0 0  m l ) ,  b r i n e  ( 2  x  1 0 0  m l ) ,  d r i e d  o v e r  
a n h y d r o u s  s o d i u m  s u l p h a t e  a n d  t h e  s o l v e n t  r e m o v e d .  T h e  r e s i d u a l  o i l  w a s  
c h r o m a t o g r a p h e d  o n  f l a s h  s i l i c a  g e l  e l u t i n g  w i t h  e t h y l  a c e t a t e / l i g h t  
p e t r o l e u m  ( 1 : 4 ) .  t h e  f~~ c o m p o u n d  t o  b e  e l u t e d  
l , 3 , 3 - t r i m e t h y l - l - ( 6 ' - m e t h o x y - 2 ' - n a p h t h y 1 ) - c y c l o h e x a n e  ( 2 1 )  w a s  t h e n  
2 4 2  
d i s t i l l e d  y i e l d i n g  a  s l i g h t l y  y e l l o w  g u m  ( 1 . 1 3  g ,  4 0 % )  b . p . ( K u g e l r o h r )  
2 1 0 - 2 3 0 ' / 0 . 5  m m  H g .  ( F o u n d :  C ,  8 4 . 3 6 ;  H ,  9 . 4 8 .  C w H U O  r e q u i r e s  C ,  8 5 . 1 ;  
H ,  9 . 1 2 % ) .  ~~ 3 3 3 . 2 ,  3 1 8 . 8 ,  2 7 1 . 2 ,  2 6 2 . 0 ,  2 3 1 . 6  n m .  ( .  2 0 9 8 ,  1 7 4 8 ,  5 3 6 0 ,  
5 5 9 3 ,  8 2 7 9 4 )  . •  ~ 2 9 2 5 ,  1 6 0 0 ,  1 4 5 5 ,  1 2 6 0 ,  1 0 1 0 ,  8 2 0  cm~. I H  n . m . r .  ( 4 0 0  
M H z )  6  0 . 3 5 ,  s ,  3 H ,  3 a - K e ;  0 . 9 1 ,  s ,  3 H ,  3~-Ke; 1 . 2 1 ,  s ,  3 H ,  l~-Ke; 
1 . 2 1 - 1 . 8 3 ,  m ,  5 H ,  ( H 4 ) 2 '  ( H 5 ) 2 '  H6~; 1 . 4 4 ,  d ,  J~.~ 1 3 . 6  H z ,  H 2 a ;  2 . 1 1 ,  b d ,  
J~2~ 1 3 . 6  H z ,  H 2 a ;  2 . 3 8 ,  m ,  H 6 a ;  3 . 8 9 ,  s ,  3 H ,  A r O C H
3
;  7 . 0 8 - 7 . 7 3 ,  m ,  6 H ,  
A r H .  K a s s  s p e c t r u m  m / z  2 8 2 ( 1 0 0 ) ,  2 6 7 ( 3 4 ) ,  2 5 3 ( 1 1 ) ,  2 3 9 ( 5 ) ,  2 1 1 ( 3 0 ) ,  
1 9 8 ( 1 6 ) ,  1 8 5 ( 3 4 ) ,  1 7 1 ( 4 1 ) ,  1 2 8 ( 9 ) ,  1 0 9 ( 1 4 ) ,  6 9 ( 3 3 ) .  
T h e  s e c o n d  c o m p o u n d  t o  b e  e l u t e d  g a v e ,  a f t e r  r e c r y s t a l l i s a t i o n  f r o m  
l i g h t  p e t r o l e u m  l , 3 , 3 - t r i m e t h y l - l - ( 6 ' - h y d r o x y - 2 - n a p h t h y l ) - c y c l o h e x a n e  ( 3 8 )  
a s  a  s l i g h t l y  p i n k  p o w d e r  ( 1 . 2 3  g ,  4 6 % )  m . p . 9 0 - 9 5 ·  t h e n  1 2 2 - 1 2 3 ' .  ( F o u n d :  
C ,  8 5 . 0 8 ;  H ,  9 . 1 2 ;  CIgH~O r e q u i r e s  C ,  8 5 . 0 7 ;  H ,  8 . 9 6 % 0 .  ~ 3 3 4 . 8 ,  3 2 2 . 4 ,  
2 7 2 . 4 ,  2 6 2 . 8 ,  2 5 4 . 0 ,  2 2 9 . 2  n m  ( .  2 0 7 2 ,  1 8 0 8 ,  5 1 5 4 ,  5 1 1 6 ,  4 0 6 2 ,  9 7 0 5 4 )  .  
•  ~ 3 3 1 1  b r ,  2 9 5 3 ,  2 9 2 7 ,  1 6 3 7 ,  1 6 0 7 ,  1 4 6 5 ,  1 3 8 9 ,  1 1 7 6 ,  8 6 7  c m - I .  I H  
n . m . r .  6  0 . 3 8 ,  s ,  3 H ,  3 a - C H
3
;  0 . 9 3 ,  s ,  3 H ,  3~-CH3; 1 . 1 4 ,  - 1 . 8 9 ,  m ,  5 H ,  
( H 4 ) 2 '  ( H 5 ) 2 '  H6~; 1 . 2 0 ,  s ,  3 H ,  1~-CH3; 1 . 4 5 ,  d ,  J~.~, 1 3 . 9  H z ,  H2~; 2 . 1 1 ,  
b d ,  J~.~ 1 3 . 9  H z ,  H 2 a ;  2 . 3 9 ,  b d ,  J~6~ 1 3 . 2  H z ,  H 6 a ;  5 . 0 1 ,  b s ,  A r O H ;  
7 . 0 0 - 7 . 7 6 ,  m ,  6 H ,  A r H .  K a s s  s p e c t r u m  m / z  2 6 8 ( 8 5 ) ,  2 5 3 ( 4 9 ) ,  2 2 5 ( 6 ) ,  
2 1 1 ( 1 2 ) ,  1 9 7 ( 5 5 ) ,  1 7 1 ( 6 2 ) ,  1 5 7 ( 7 0 ) ,  1 4 4 ( 7 ) ,  1 2 8 ( 7 ) ,  1 0 9 ( 1 7 ) ,  6 9 ( 4 6 ) .  
P r e p a r a t i o n  o f  4 - ( 1 '  , 3 '  , 3 ' - T r i m e t h y l - l ' - c y c l o h e x y l ) - o - p h t h a l a l d e h y d e  ( 3 9 )  
M e t h o d  1 .  H y d r o l y s i s  o f  l , 3 , 3 - T r i m e t h y l - 1 - [ 3 ' , 4 ' - b i s ( d i b r o m o m e t h y l ) -
I - p h e n y l l c y c l o h e x a n e  ( 4 2 )  
A  m i x t u r e  o f  ( 4 2 )  ( 1 . 0  g ,  1 . 8  m m o l )  a n d  m o r p h o l i n e  ( 1 0  m l )  w e r e  h e a t e d  
a t  5 0 '  f o r  3  h .  T h e  e x c e s s  m o r p h o l i n e  w a s  t h e n  r e m o v e d  b y  d i s t i l l a t i o n  
u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  r e s i d u e  t a k e n  u p  i n  h y d r o c h l o r i e . - ' o d  ( 1 0  
K ,  2 0  m l )  a n d  s h a k e n  f o r  0 . 5  h .  W a t e r  ( 1 0 0  m l )  w a s  t h e n  a d d e d  a n d  t h e  
2 4 3  
p r o d u c t  e x t r a c t e d  w i t h  e t h e r  ( 3  x  5 0  m l ) .  T h e  c o m b i n e d  e t h e r  e x t r a c t s  
w e r e  w a s h e d  w i t h  w a t e r  ( 5 0  m l ) ,  s a t u r a t e d  s o d i u m  b i c a r b o n a t e  s o l u t i o n  ( 2  x  
5 0  m l ) ,  b r i n e  ( 2  x  5 0  m l )  a n d  t h e n  d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l p h a t e .  
E v a p o r a t i o n  o f  t h e  s o l v e n t  a n d  d i s t i l l a t i o n  y i e l d e d  
4 - ( 1 '  , 3 '  , 3 ' - t r i m e t h y l - l ' - c y c l o h e x y l ) - o - p h t h a l a l d e h y d e  a s  a  c l e a r  g u m  ( 0 . 3 1  
g ,  8 6 % )  b . p . ( K u g e 1 r o h r )  1 5 0 ' / 1  m m  H g .  ( F o u n d :  2 5 8 . 1 6 1 5 .  C
I 7
H
2 2
0
2  
r e q u i r e s  
2 5 8 . 1 6 2 0 ) .  X~ 2 6 6 . 8  n m  ( E  3 8 4 0 )  . •  ~ 2 9 5 5 ,  2 9 3 0 ,  1 7 7 8 ,  1 6 9 8 ,  1 5 9 6 ,  
1 4 6 6 ,  1 2 7 5 ,  1 1 9 8  c m - I .  I H  n . m . r .  6  0 . 3 4 ,  s ,  3 H ,  3 ' a - M e ;  0 . 9 3 ,  s ,  3 H ,  
3'~-Me; 1 . 1 0 - 1 . 7 7 ,  m ,  5 H ,  ( H 4 ' ) 2 '  ( H 5 ' ) 2 '  H6'~; 1 . 1 8 ,  s ,  3 H ,  l'~-Me; 1 . 4 9 ,  
d ,  J
2
' ( J . 2 ' O I .  1 4 . 2  H z ,  H2'~; 2 . 0 8 ,  b d ,  J
2
' O I . , 2 ' f J  1 4 . 2  H z ,  H 2 ' O I . ;  2 . 3 1 ,  m ,  H 6 ' O I . ;  
7 . 7 8 ,  d d ,  J  8 . 1 ;  2 . 1  H z ,  H 5 ;  7 . 9 1 ,  d ,  J  8 . 1  H z ,  H 6 ;  8 . 0 1 ,  d ,  J  2 . 1  H z ,  
H 3 .  M a s s  s p e c t r u m  m / z  2 5 8 ( 1 0 0 ,  2 4 3 ( 1 0 ) ,  2 1 5 ( 8 ) ,  2 0 1 ( 2 ) ,  1 8 9 ( 9 ) ,  1 7 5 ( 2 0 ) ,  
1 6 1 ( 2 0 ) ,  1 4 6 ( 4 9 ) ,  1 3 3 ( 7 1 ) ,  1 0 5 ( 4 9 ) ,  9 1 ( 4 9 ) ,  6 9 ( 7 3 ) ,  5 5 ( 4 4 ) .  
M e t h o d  2  O x i d a t i o n  o f  l , 3 , 3 - T r i m e t h y l - 1 - [ 3 '  , 4 ' - b i s ( h y d r o x y m e t h y 1 ) -
l ' - p h e n y 1 1 c y c 1 0 h e x a n e  ( 4 4 )  
~) O x i d a t i o n  w i t h  t e t r a k i s ( p y r i d i n e )  s i l v e r  d i c h r o m a t e  ( P y 4 A g 2 C r 2 o . , )  
U s i n g  t h e  g e n e r a l  m e t h o d  o f  F i r o u z a b a d i  e t  al.,~ t h e  d i a 1 c o h o 1  ( 4 4 )  
( 2 0 0  m g ,  0 . 7 6  m m o 1 )  w a s  d i s s o l v e d  i n  b e n z e n e ,  t h e  o x i d i s i n g  a g e n t  ( 4 . 5 6  g ,  
6 . 1  m m o 1 )  w a s  a d d e d  a n d  t h e  r e a c t i o n  m i x t u r e  r e f 1 u x e d  f o r  6  h .  T h e  
r e a c t i o n  m i x t u r e  w a s  c o o l e d ,  f i l t e r e d  t h r o u g h  c e 1 i t e  a n d  t h e  r e s i d u e  
w a s h e d  w i t h  b e n z e n e  ( 2  x  1 0  m 1 ) .  E v a p o r a t i o n  o f  t h e  s o l v e n t  a n d  
c h r o m a t o g r a p h y  o f  t h e  r e s i d u e  o n  f l a s h  s i l i c a  g e l  e l u t i n g  w i t h  e t h y l  
a c e t a t e / l i g h t  p e t r o l e u m  ( 1 : 9 )  y i e l d e d  t w o  p r o d u c t s .  T h e  f i r s t  t o  b e  
e l u t e d  w a s  t h e  o - p h t h a 1 a l d e h y d e  ( 3 9 )  ( 8 6  m g ,  4 4 % )  a s  a  y e l l o w  g u m .  T h e  
s e c o n d  p r o d u c t  e l u t e d  w e r e  t h e  t w o  p h ' l ! b a 1 i d e  i s o m e r s  ( 4 5 )  a n d  ( 4 6 )  w h i c h  
w e r e  i n s e p a r a b l e  b y  f l a s h  s i l i c a  c h r o m a t o g r a p h y  a n d  w e r e  d e t e r m i n e d  t o  b e  
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i n  a  2 : 1  r a t i o  r e s p e c t i v e l y  f r o m  t h e  I H  n . m . r .  s p e c t r u m .  
5 - ( 1 '  , 3 '  , 3 ' - T r i m e t h y 1 - 1 ' - c y c 1 0 h e x y 1 ) - p h t h a 1 i d e  ( 4 5 ) .  I H  n . m . r .  ~ 0 . 3 5 ,  s ,  
3 H ,  3 ' a - M e ;  0 . 9 3 ,  s ,  3 H ,  3'~-Me; 1 . 1 8 ,  s ,  3 H ,  l'~-Me; 1 . 1 2 - 1 . 7 4 ,  m ,  6 H ;  
2 . 0 5 ,  m ,  H 2 ' o ;  2 . 3 0 ,  m ,  H 6 ' o ;  5 . 3 0 ,  s ,  2 H ,  ( H 3 ) 2 ;  7 . 4 9 ,  b s ,  H 4 ;  7 . 5 8 ,  b d ,  
J  8  H z ,  H 6 ;  7 . 8 4 ,  d ,  J  8  H z ,  H 7 .  
6 - ( l ' , 3 ' , 3 ' - T r i m e t h y 1 - 1 ' - c y c 1 0 h e x y 1 ) - p h t h a 1 i d e  ( 4 6 ) .  I H  n . m . r .  ~ 0 . 3 4 ,  s ,  
3 H ,  3 ' a - M e ;  0 . 9 2 ,  s ,  3 H ,  3'~-Me; 1 . 1 6 ,  s ,  3 H ,  l'~-Me; 1 . 1 2 - 1 . 7 4 ,  m ,  6 H ;  
2 . 0 5 ,  m ,  H 2 ' o ;  2 . 3 0 ,  m ,  H 6 ' o ;  5 . 3 0 ,  s ,  2 H ,  ( H 3 ) 2 ;  7 . 4 2 ,  m ,  H 4 ;  7 . 7 3 ,  d d ,  J  
8 . 2 ,  2 . 0  H z ,  H 5 ;  7 . 9 4 ,  d ,  J  2 . 0  H z ,  H 7 .  
I s o m e r s  ( 4 5 )  a n d  ( 4 6 ) .  ( F o u n d :  2 5 8 . 1 6 2 0 .  CnH~2 r e q u i r e s  2 5 8 . 1 6 2 0 ) .  
~ 2 8 2 ,  2 7 4 ,  2 3 7 ,  2 0 3  n m  ( E  1 8 0 6 ,  1 7 5 0 ,  1 0 3 2 0 ,  3 3 2 1 8 ) .  .~ 2 9 5 5 ,  2 9 3 0 ,  
1 7 5 7 ,  1 6 1 9 ,  1 4 6 6 ,  1 4 5 6 ,  1 3 5 4 ,  1 0 5 0 ,  1 0 0 9  c m - I .  M a s s  s p e c t r u m  m / z  2 5 8 ( 5 % ) ,  
2 4 3 ( 3 4 ) ,  2 1 1 ( 2 4 ) ,  1 9 6 ( 2 8 ) ,  1 7 5 ( 2 0 ) ,  1 6 1 ( 3 7 ) ,  1 5 3 ( 6 ) ,  1 4 5 ( 1 1 ) ,  1 1 5 ( 9 ) ,  
6 9 ( 1 2 ) ,  4 1 ( 1 5 ) .  
( B )  v i a  S w e m  O x i d a t i o n
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T o  a  s o l u t i o n  o f  o x a l y l  c h l o r i d e  ( 5 4 0  m g ,  0 . 3 6  m 1 ,  4 . 2  m m o 1 )  i n  
d i c h 1 0 r o m e t h a n e  ( 2 5  m 1 )  c o o l e d  t o  - 3 0 ' ,  w a s  a d d e d  a  s o l u t i o n  o f  
d i m e t h y l s u l p h o x i d e  ( 6 6 0  m g ,  0 . 6  m 1 ,  8 . 4  m m o 1 )  i n  d i c h 1 o r o m e t h a n e  ( 5  m 1 )  
o v e r  2  m i n .  T h i s  w a s  f o l l o w e d  b y  a  s o l u t i o n  o f  t h e  d i o 1  ( 4 4 )  ( 2 5 0  m g ,  
0 . 9 5  m m o 1 )  o v e r  a  5  m i n  p e r i o d  a n d  t h e n  s t i r r e d  f o r  0 . 5  h .  T r i e t h y l a m i n e  
( 1 . 9 4  g ,  2 . 6 8  m 1 ,  1 9  m m o 1 )  w a s  a d d e d  a n d  t h e  r e a c t i o n  m i x t u r e  a l l o w e d  t o  
w a r m  t o  r o o m  t e m p e r a t u r e  t h e n  f u r t h e r  s t i r r e d  f o r  0 . 5  h  w h e r e u p o n  w a t e r  
( 2 5  m 1 )  w a s  a d d e d .  T h e  p r o d u c t  w a s  t h e n  e x t r a c t e d  i n t o  d i c h 1 o r o m e t h a n e  ( 3  
x  2 5  m 1 )  a n d  t h e  c o m b i n e d  d i c h 1 0 r o m e t h a n e  e x t r a c t s  w a s h e d  w i t h  
h y d r o c h l o r i c  a c i d  ( 3  M ,  2  x  5 0  m 1 ) ,  s o d i u m  b i c a r b o n a t e  s o l u t i o n  ( 5 % ,  2  x  
5 0  m 1 )  a n d  w a t e r  ( 2  x  5 0  m 1 ) .  T h e  s o l v e n t  w a s  e v a p o r a t e d  a n d  t h e  r e s i d u a - . ,  
t a k e n  u p  i n  b e n z e n e  w h i c h  a g a i n  w a s  e v a p o r a t e d .  T h e  r e s i d u a l  o i l  w a s  t h e n  
c h r o m a t o g r a p h e d  O n  f l a s h  s i l i c a  g e l  e l u t i n g  w i t h  e t h y l  a c e t a t e / l i g h t  
p e t r o l e u m  ( 1 : 9 )  g i v i n g  t h e  £ - p h t h a l a l d e h y d e  ( 3 9 )  ( 2 1 0  m g ,  8 5 % ) .  
M e t h o d  3 .  O z o n o l y s i s  o f  n a p h t h y l s  ( 2 1 )  a n d  ( 3 8 )  
A )  R e d u c t i o n  o f  O z o n i d e  w i t h  D i m e t h y l  S u l p h i d e  
2 4 5  
U s i n g  t h e  g e n e r a l  m e t h o d  o f  P a p p a s  e t  s l . I T  a  s o l u t i o n  o f  t h e  n a p h t h o l  
( 3 8 )  ( 2 0 0  m g ,  0 . 7 5  m m o l )  i n  m e t h a n o l  ( 2 5  m l )  a n d  d i c h l o r o m e t h a n e  ( 5 0  m l )  
w a s  c o o l e d  t o  - 6 0 ' .  O z o n i z e d  o x y g e n  w a s  p a s s e d  t h r o u g h  t h e  s o l u t i o n  u n t i l  
a  p e r m a n e n t  b l u e  c o l o u r  i n  t h e  s o l u t i o n  r e m a i n e d .  T h e  s o l u t i o n  w a s  t h e n  
f l u s h e d  w i t h  n i t r o g e n  a n d  d i m e t h y l  s u l p h i d e  ( 0 . 1 7  m l ,  2 . 2 5  m m o l )  a d d e d .  
T h e  s o l u t i o n  w a s  t h e n  s t i r r e d  a t  - 1 0 '  f o r  1  h ,  t h e n  a t  O '  f o r  1  h  a n d  
f i n a l l y  a t  r o o m  t e m p e r a t u r e  f o r  1  h .  T h e  s o l v e n t  w a s  t h e n  e v a p o r a t e d  a n d  
t h e  r e s i d u e  p a r t i t i o n e d  b e t w e e n  e t h e r  a n d  w a t e r .  T h e  a q u e o u s  e x t r a c t  w a s  
f u r t h e r  e x t r a c t e d  w i t h  e t h e r  ( 2  x  2 0  m l )  a n d  t h e  c o m b i n e d  e t h e r  e x t r a c t s  
w a s h e d  w i t h  b r i n e  ( 2  x  2 0  m l )  a n d  d r i e d  o v e r  s o d i u m  s u l p h a t e .  E v a p o r a t i o n  
o f  t h e  s o l v e n t  f o l l o w e d  b y  c h r o m a t o g r a p h y  o n  f l a s h  s i l i c a  g e l  e l u t i n g  w i t h  
e t h y l  a c e t a t e / l i g h t  p e t r o l e u m  ( 1 : 9 )  a f f o r d e d  t h e  £ - p h t h a l a l d e h y d e  ( 3 9 )  
( 1 1 0  m g ,  5 8 % ) .  U s i n g  t h e  a b o v e  m e t h o d  o n  t h e  m e t h o x y n a p h t h y l  ( 2 1 )  
a f f o r d e d  t h e  £ - p h t h a l a l d e h y d e  i n  6 0 %  y i e l d .  
B )  R e d u c t i o n  o f  O z o n i d e  w i t h  T r i p h e n y l p h o s p h i n e  
U s i n g  t h e  g e n e r a l  p r o c e d u r e  o f  P a p p a s  e t  s l  . .  m  a  s o l u t i o n  o f  t h e  
n a p h t h o l  ( 3 8 )  ( 4 0 0  m g ,  1 . 5 0  m m o l )  i n  d i c h l o r o m e t h a n e  ( 5 0  m l )  a n d  m e t h a n o l  
( 2 5  m l )  w a s  c o o l e d  t o  - 6 0 '  a n d  t r e a t e d  w i t h  o z o n i s e d  o x y g e n  u n t i l  t h e  
s o l u t i o n  t u r n e d  b l u e .  T h e  s o l u t i o n  W a s  t h e n  f l u s h e d  w i t h  n i t r o g e n ,  
t r i p h e n y l p h o s p h i n e  ( 9 1 0  m g ,  3 . 5 0  m m o l )  a d d e d  o v e r  1 0  m i n  a n d  t h e n  a l l o w e d  
t o  s l o w l y  w a r m  t o  r o o m  temperatur~ T h e  s o l v e n t  w a s  e v a p o r a t e d  a n d  e t h e r  
( 1 0  m l )  a d d e d  t o  t h e  r e s i d u e .  T h e  t r i p h e n y l p h o s p h i n e  o x i d e  w a s  f i l t e r e d  
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o f f  a n d  w a s h e d  w i t h  a n  a d d i t i o n a l  1 0  m l  o f  e t h e r .  U p o n  e v a p o r a t i o n  o f  t h e  
e t h e r  t h e  r e s i d u e  w a s  h e a t e d  w i t h  h y d r o c h l o r i c  a c i d  ( 3  M ,  1 5  m l )  f o r  0 . 5  h  
t h e n  c o o l e d ,  w a t e r  ( 3 5  m l )  a d d e d  a n d  t h e  p r o d u c t  e x t r a c t e d  i n t o  e t h e r  ( 3  x  
5 0  m l ) .  T h e  c o m b i n e d  e t h e r  e x t r a c t s  w e r e  w a s h e d  w i t h  s o d i u m  b i c a r b o n a t e  
s o l u t i o n  ( 1 0 % ,  2  x  5 0  m l ) ,  d r i e d  o v e r  s o d i u m  s u l p h a t e  a n d  t h e  s o l v e n t  
e v a p o r a t e d .  T h e  r e s i d u e  w a s  t h e n  c h r o m a t o g r a p h e d  o n  f l a s h  s i l i c a  g e l  
e l u t i n g  w i t h  e t h y l  a c e t a t e /  l i g h t  p e t r o l e u m  ( 1 : 9 )  a f f o r d i n g  t h e  
~-phthalaldehyde ( 3 9 )  ( 2 5 8  m g ,  6 7 % ) .  U s i n g  t h e  a b o v e  m e t h o d  o n  t h e  
m e t h o x y n a p h t h y l  ( 2 1 )  a f f o r d e d  t h e  ~-phthalaldehyde i n  6 6 %  y i e l d .  
C i B  a n d  t r a n B - l , 3 - D i a c e t o x y p h t h a l a n  ( 4 8 )  a n d  ( 4 9 ) .  
( a )  ~-Phthalaldehyde ( 4 7 )  w a s  p r e p a r e d  f r o m  ~-naphthol ( 5  g )  b y  t h e  
m e t h o d  o f  P a p p a s  e t  a l  . .  
f f l  
a n d  p u r i f i e d  b y  d i s t i l l a t i o n  g i v i n g  a  
c r y s t a l l i n e  s o l i d  m . p . 5 1 - 5 2 '  ( l i t .
f f l  
5 4 - 5 5 ' ) .  
( b )  I n i t i a l  a t t e m p t s  t o  c y c l i s e  a n d  a c e t y l a t e  ~-phthalaldehyde t o  
l , 3 - d i a c e t o x y p h t h a l a n  b y  d i s s o l v i n g  ~-phthalaldehyde ( 0 . 5  g )  i n  a c e t i c  
a n h y d r i d e  ( 1 5  m l )  a n d  a d d i n g  e i t h e r  w a t e r  ( 5  d r o p s ) ,  h y d r o c h l o r i c  a c i d  ( 3  
M ,  5  d r o p s )  o r  h y d r o c h l o r i c  a c i d  ( 6  M ,  5  d r o p s )  m e t  w i t h  f a i l u r e  w i t h  o n l y  
s t a r t i n g  ~-phthalaldehyde b e i n g  r e t r i e v e d .  W h e n  h y d r o c h l o r i c  a c i d  ( 1 0  M ,  
5  d r o p s )  w a s  a d d e d  a n d  s t i r r e d  f o r  2 4  h  f o l l o w e d  b y  t h e  a d d i t i o n  o f  w a t e r  
( 5 0  m l )  a n d  e x t r a c t i o n  i n t o  e t h e r  i n  t h e  u s u a l  w a y  g a v e  o n l y  t h e  
a , a , a '  ,at-tetraacetoxy-~-xylene w a s  r e c o v e r e d  q u a n t i t a t i v e l y .  H o w e v e r  a  
s o l u t i o n  o f  £ - p h t h a l a l d e h y d e  w h e n  t r e a t e d  w i t h  a c e t i c  a n h y d r i d e  a n d  b o r o n  
t r i f l u o r i d e  e t h e r a t e  a f f o r d e d  t h e  d e s i r e d  l , 3 - d i a c e t o x y p h t h a l a n  i n  h i g h  
y i e l d .  
T o  a  s o l u t i o n  o f  £ - p h t h a l a l d e h y d e  ( 0 . 5  g ,  3 . 7 3  m m o l )  i n  d r y  e t h e r  ( 2 0  
m l )  a n d  c o n t a i n e d  i n  a  r o u n d  b o t t o m  f l a s k  a n d  s t o p p e r e d  b y  a  s u p e r s e a l ,  
w a s  a d d e d  s e q u e n t i a l l y  a c e t i c  a n h y d r i d e  ( 0 . 7 7  g ,  7 . 4 6  m m o l )  t h e n  b o r o n  
~ . . . . .  
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t r i f l u o r i d e  e t h e r a t e  ( 0 . 7 2  m l )  a n d  s t i r r e d  f o r  4 8  h .  T h e  r e s u l t i n g  
m i x t u r e  w a s  t h e n  f i l t e r e d  t h r o u g h  c e l i t e  a n d  t h e  r e s i d u e  w a s h e d  w i t h  e t h e r  
( 3 5  m l ) .  T h e  f i l t r a t e  w a s  t h e n  w a s h e d  w i t h  w a t e r  ( 3  x  5 0  m l ) ,  b r i n e  ( 2  x  
5 0  m l )  a n d  d r i e d  o v e r  a n h y d o u s  s o d i u m  s u l p h a t e .  E v a p o r a t i o n  o f  t h e  
s o l v e n t  a n d  c h r o m a t o g r a p h y  o f  t h e  r e s i d u e  o n  f l a s h  s i l i c a  g e l  e l u t i n g  w i t h  
e t h y l  a c e t a t e / d i c h l o r o m e t h a n e  ( 1 : 1 9 )  g a v e  t h e  c i s  ( 4 8 )  a n d  C r a n s  ( 4 9 )  
i s o m e r s  o f  l , 3 - d i a c e t o x y p h t h a l a n  i n  a  5 : 9  r a t i o  ( 0 . 5 7  g ,  6 5 % ) .  ( F o u n d :  
1 7 7 . 0 5 6 6 .  C r o H 9 0 3  [ M +  - O C O C H 3 1  r e q u i r e s  1 7 7 . 0 5 5 2 ;  f o u n d :  1 3 5 . 0 4 4 8 .  C g H t o 2  
[ M +  - O C O C H
3  
- C 2 H i O I  r e q u i r e s  1 3 5 . 0 4 4 6 ) .  .~ 1 7 5 1 ,  1 7 3 6 ,  1 3 6 8 ,  1 2 3 1 ,  9 6 0  
cm~. l H  n . m . r .  ( c i s  i s o m e r )  6  2 . 1 4 ,  s ,  6 H ,  2  x  OCOC~; 7 . 2 6 ,  s ,  2 H ,  H l  
a n d  H 3 ;  7 . 4 9 - 7 . 5 2 ,  m ,  4 H ,  A r H .  l H  n . m . r .  ( C r a n s  i s o m e r )  6  2 . 1 2 ,  s ,  6 H ,  2  
x  O C O C H
3
;  7 . 4 5 - 7 . 5 1 ,  m ,  6 H ,  A r H ,  H l  a n d  H 3 .  M a s s  s p e c t r u m  m j z  1 7 7 ( 5 8 % ) ,  
1 3 5  ( 6 2 ) ,  1 0 5 ( 1 3 ) ,  7 7 ( 6 ) ,  4 3 ( 1 0 0 ) .  
A t t e m p t e d  A c e t y l a t i o n  o f  t h e  o - P h t h a l a l d e h y d e  ( 3 9 )  
U s i n g  t h e  m e t h o d  d e s c r i b e d  a b o v e  e x c e p t  u s i n g  t h e  £ - p h t h a l a l d e h y d e  
( 3 9 )  ( 2 0 0  m g ,  0 . 7 8  m m o l )  y i e l d e d  a f t e r  w o r k u p  a n d  c h r o m a t o g r a p h y  o n l y  o n e  
i s o l a t e d  p r o d u c t  i d e n t i f i e d  b y  t h e  l H  n . m . r .  s p e c t r u m  t o  b e  
6 - ( l ' , 3 ' , 3 ' - t r i m e t h y l - c y c l o h e x y l ) - p h t h a l i d e  ( 4 6 ) .  l H  n . m . r .  ( 9 0  M H z ) ;  6  
0 . 3 ,  M e ;  0 . 9 ,  M e  1 . 2 ,  M e ;  5 . 3 ,  s ,  ( H 3 ) 2 ;  7 . 4 ,  m ,  H 4 ;  7 . 7 ,  m ,  H 5 ;  7 . 9 ,  b s ,  
H 7 .  
5 - E t h y l - 2 - m e t h o x y n a p h t h a l e n e  ( 5 3 )  
T o  a  s o l u t i o n  o f  e t h y l  m a g n e s i u m  b r o m i d e  [ p r e p a r e d  f r o m  e t h y l  b r o m i d e  
( 1 8 . 6  g ,  1 7 1  m m o l )  a n d  m a g n e s i u m  ( 4 . 8 6  g ,  1 0 0  m m o l )  i n  e t h e r  ( 5 0  m l ) l  w a s  
a d d e d  a  s o l u t i o n  o f  6 - m e t h o x y - a - t e t r a l o n e  ( 1 0  g ,  5 7  m m o l )  a n d  s t i r r e d  f o r  
2 4  h .  H y d r o c h l o r i c  a c i d  ( 3  M ,  1 0 0  m l )  w a s  t h e n  a d d e d  c a r e f u l l y  a n d  t h e  
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m i x t u r e  s t i r r e d  f o r  a  f u r t h e r  3  h .  T h e  p r o d u c t  w a s  t h e n  e x t r a c t e d  i n t o  
e t h e r  ( 3  x  1 0 0  m l ) ,  w a s h e d  w i t h  s a t u r a t e d  s o d i u m  b i c a r b o n a t e  s o l u t i o n  ( 2  x  
1 0 0  m l ) ,  b r i n e  ( 2  x  1 0 0  m l )  a n d  t h e  s o l v e n t  r e m o v e d .  T h e  r e s i d u a l  o i l  w a s  
t h e n  t a k e n  u p  i n  t o l u e n e  ( 2 5 0  m l ) ,  c h l o r a n i l  ( 1 4 . 0  g ,  5 7  m m o l )  a d d e d  a n d  
t h e n  r e f l u x e d  f o r  2 4  h .  T h e  s o l v e n t  w a s  t h e n  r e m o v e d  a n d  t h e  r e s i d u a l  o i l  
c h r o m a t o g r a p h e d  o n  f l a s h  s i l i c a  g e l  e l u t i n g  w i t h  l i g h t  p e t r o l e u m  a n d  
f i n a l l y  d i s t i l l a t i o n  ( K u g e l r o h r )  1 2 0 · / 0 . 5  m m  H g  a f f o r d e d  
5 - e t h y l - 2 - m e t h o x y n a p h t h a l e n e  a s  a  w h i t e  s o l i d  ( 7 . 1 0  g ,  6 7 % ) .  I H  n . m . r .  6  
1 . 3 1 ,  t ,  3 H ,  J  7 . 4  H z ,  A r C H
2
C ! 9 ;  3 . 0 1 ,  q ,  2 H ,  J  7 . 4  H z ,  ArC~CH3; 3 . 8 5 ,  s ,  
3 H ,  A r O C H
3
;  7 . 0 3 - 7 . 9 5 ,  m ,  6 H ,  A r H .  
a - C y a n o - 5 - e t h y l - 2 - m e t h o x y n a p h t h a l e n e  ( 5 5 )  
T o  a  s o l u t i o n  o f  5 - e t h y l - 2 - m e t h o x y n a p h t h a l e n e  ( 2 0 0  m g ,  1 . 1  m m o l )  i n  
c a r b o n  t e t r a c h l o r i d e  ( 1 5  m l )  w a s  a d d e d  N - b r o m o s u c c i n i m i d e  ( 2 1 0  m g ,  1 . 2  
m m o l )  a n d  b e n z o y l  p e r o x i d e  ( 0 . 1  g ) .  T h e  r e a c t i o n  m i x t u r e  w a s  t h e n  
i l l u m i n a t e d  a n d  r e f l u x e d  w i t h  a  5 0 0  W  l i g h t  g l o b e  u n t i l  a l l  t h e  s o l i d  
s u s p e n s i o n  f l o a t e d  o n  t h e  s u r f a c e .  T h e  r e a c t i o n  m i x t u r e  w a s  t h e n  c o o l e d  
t o  O ·  a n d  f i l t e r e d  t h r o u g h  c e l i t e ,  t h e  r e s i d u e  b e i n g  f u r t h e r  w a s h e d  w i t h  
c a r b o n  t e t r a c h l o r i d e  ( 2  x  1 0  m l )  a n d  t h e  s o l v e n t  r e m o v e d .  T h e  r e s i d u a l  
o i l  w a s  t h e n  t a k e n  u p  i n  t e t r a h y d r o f u r a n  ( 2 0  m l )  a n d  l i t h i u m  c y a n i d e  
[ p r e p a r e d  b y  t h e  m e t h o d  o f  Livinghouse~l ( 1 1 0  m g ,  3 . 3  m m o l )  w a s  a d d e d  a n d  
t h e  s o l u t i o n  r e f l u x e d  f o r  6  h .  W a t e r  ( 5 0  m l )  w a s  a d d e d  a n d  t h e  p r o d u c t  
e x t r a c t e d  i n t o  e t h e r  ( 3  x  5 0  m l ) ,  t h e  c o m b i n e d  e t h e r  e x t r a c t s  w a s h e d  w i t h  
b r i n e  ( 2  x  5 0  m l ) ,  d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l p h a t e  a n d  t h e  s o l v e n t  
e v a p o r a t e d .  C h r o m a t o g r a p h y  o f  t h e  r e s i d u a l  o i l  o n  f l a s h  s i l i c a  g e l  
e l u t i n g  w i t h  l i g h t  p e t r o l e u m / d i c h l o r o m e t h a n e  ( 3 : 7 )  f o l l o w e d  b y  
d i s t i l l a t i o n  Y i e l d e d  a - c y a n o - 5 - e t h y l - 2 - m e t h o x y n a p h t h a l e n e  a s  a n  o r a n g e  g u m  
( 2 0 0  m g ,  9 1 % )  b . p . ( K u g e l r o h r )  2 1 0 · / 1  m m  H g .  ( F o u n d :  C ,  7 9 . 6 0 ;  H ,  6 . 1 9 ;  N ,  
6 . 5 7 .  C I 4 H a N O  r e q u i r e s  C ,  7 9 . 6 2 ;  H ,  6 . 1 6 ;  N ,  6 . 6 4  % ) .  ~~ 3 2 9 . 6 ,  3 1 5 . 6 ,  
2 4 9  
2 8 5 . 2 ,  2 7 4 . 8 ,  2 6 5 . 6 ,  2 3 0 . 0  n m  ( .  2 2 3 6 ,  1 7 5 8 ,  4 2 6 6 ,  5 3 6 8 ,  4 5 3 0 ,  6 6 8 1 7 ) .  
p~ 3 1 1 0 ,  2 9 4 0 ,  2 2 4 5 ,  1 6 2 8 ,  1 6 0 4 ,  1 5 1 6 ,  1 4 3 7 ,  1 3 7 5 ,  1 2 6 0 ,  1 2 3 1 ,  1 1 7 5 ,  
1 0 3 8 ,  8 5 0  c m - i .  i H  n . m . r .  6  1 . 6 3 ,  d ,  3 H ,  J  7 . 5  H z ,  C~CH(CN)Ar; 3 . 8 1 ,  s ,  
3 H ,  O C H
3
;  4 . 4 1 ,  q ,  2 H ,  J  7 . 5  H z ,  CH3C~(CN)Ar; 7 . 0 5 - 7 . 7 5 ,  m ,  6 H ,  A r H .  M a s s  
s p e c t r u m  m / z  2 1 1 ( 8 8 % ) ,  1 9 6 ( 1 0 0 ) ,  1 8 2 ( 3 5 ) ,  1 5 3 ( 7 3 ) ,  1 4 1 ( 4 0 ) ,  1 2 6 ( 3 9 ) ,  
1 1 5 ( 3 8 ) ,  9 8 ( 1 8 ) ,  6 3 ( 2 9 ) .  
2 - ( 6 ' - M e t h o x y - 1 ' - n a p h t h y 1 ) - p r o p i o n i c  A c i d  ( 5 6 )  
A n  e t h a n o 1 i c  s o l u t i o n  o f  t h e  n i t r i l e  ( 5 5 ) ( 0 . 5  g ,  2 . 4  m m o 1 )  a n d  
p o t a s s i u m  h y d r o x i d e  s o l u t i o n  ( 1 0  M ,  2 0  m 1 )  w a s  h e a t e d  t o  r e f l u x  f o r  5  h  
t h e n  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  ( 3  M )  t o  p H  1  a n d  e x t r a c t e d  w i t h  
e t h y l  a c e t a t e  ( 3  x  5 0  m 1 ) .  T h e  c o m b i n e d  e t h y l  a c e t a t e  e x t r a c t s  w e r e  t h e n  
e x t r a c t e d  w i t h  s a t u r a t e d  s o d i u m  b i c a r b o n a t e  s o l u t i o n  ( 3  x  2 0  m 1 )  w h i c h  w a s  
t h e n  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  ( 3  M )  a n d  t h e n  r e e x t r a c t e d  w i t h  
e t h y l  a c e t a t e  ( 3  x  2 0  m 1 ) .  T h e  c o m b i n e d  e t h y l  a c e t a t e  e x t r a c t s  w e r e  t h e n  
w a s h e d  w i t h  b r i n e  ( 3  x  2 0  m 1 )  a n d  d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l p h a t e .  
T h e  s o l v e n t  w a s  r e m o v e d  t o  g i v e  2 - ( 6 ' - m e t h o x y - 1 - n a p h t h y 1 ) - p r o p i o n i c  a c i d  
( 0 . 4 6  g ,  8 3 % ) .  .~ 3 5 0 0 - 2 5 0 0  b r ,  1 7 0 9 ,  1 6 2 7 ,  1 5 1 5 ,  1 4 3 6 ,  1 2 5 5 ,  1 2 3 1 ,  
1 0 3 9 ,  8 5 0  cm~. i H  n . m . r .  6  1 . 6 4 ,  d ,  3 H ,  J  7 . 4  H z ,  C~CH(COOH)Ar; 3 . 9 1 ,  s ,  
3 H ,  O C H
3
;  4 . 4 7 ,  q ,  J  7 . 4  H z ,  CH3C~(Ar)COOH; 7 . 1 2 - 7 . 7 1 ,  m ,  5 H ,  A r H ;  7 . 9 8 ,  
d ,  0 J  1 4  H z ,  A r H .  
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